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The aqueous geochemistry and hydrology of the North Fork of the American Fork 
River, its tributaries, and the ground water in the vicinity of the Pacific Mine site were 
investigated in order to determine what impact ground water entering the North Fork has 
on toxic metal loads in the river. Toxic metal contamination in the North Fork is great 
enough that brown and cutthroat trout have absorbed lead, cadmium, and arsenic in their 
tissues at concentrations that are hazardous to human health if consumed. Ground water 
that flows through the mine site flows directly through the mine tailings before entering 
the North Fork , which produces an acidic ground water plume that has high 
concentrations of toxic metals. Together, the surface water discharge results and toxic 
metals concentrations from the surface and ground waters were used to determine toxic 
metals loading rates in the North Fork and its tributaries. The results suggest that the 
dissolved toxic metals (As, Cd, Cu, Fe, Mn, Pb, and Zn) enter the North Fork when the 
Ill 
river is gaining water from the ground water. However, the total toxic metal load 
generally decreases through the reach of river adjacent to the mine site and is 
significantly greater than the dissolved load. Cadmium and Mn travel as dissolved 
species while Cu, Fe, Pb, and Zn travel as suspended solids in the North Fork and its 
tributaries. Arsenic seems to be associated with both the suspended solids and travel in 
the dissolved state. The geochemical modeling program PHREEQC and the diffuse 
double layer surface complexation model were used to investigate the chemistry that 
controls toxic metal mobility and attenuation in the surface and ground waters at the mine 
site. Based on PHREEQC results, the most important reaction in these waters is the 
precipitation of hydrous fe1Tic oxide. The toxic metals that sorb to the hydrous ferric 
oxide are Cu, Pb, most importantl y Zn, and to a lesser degree As. 
(218 pages) 
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INTRODUCTION 
Problem Statement 
There are an estimated 20,000 abandoned mines in Utah (UDOGM, 200 l ), which 
generally consist of waste rock and tailings piles and run down mining structures. 
Mining deals with extraction of metal ore and coal from the subsurface. Both metal ore 
and coal bodies contain metal-bearing sulfide minerals, the most common being pyrite. 
Waste rock and tailings piles typically contain high concentrations of toxic substances 
such as lead, arsenic, cadmium, copper, and zinc, which are associated with the sulfide 
minerals. When exposed to atmospheric conditions , the metal sulfides begin to weather 
by oxidation and dissolved metals, sulfate and acid are produced (Langmuir, 1997). The 
production of acid and the conesponding decrease in pH increases the solubility of 
metals, which can leach into surface water and ground water systems and contaminate 
freshwater lakes and streams. When these toxic trace elements are in high enough 
concentrations , they vio late the Clean Water Act and pose a health risk to humans and 
cause damage to the environment. 
The human and environmental risks associated with heavy metal contamination of 
lakes and streams occur as soon as there are trace amounts of the toxic metals in the 
water. The metals can enter the food chain and eventually pose a health risk to humans. 
The metals enter the food chain at the primary level where benthic macroinvertebrates 
passively uptake the metals, which accumulate in their tissues. Consumption of the 
macro invertebrates by fish leads to metal accumulation in the tissues of the fish. Humans 
are at risk when they eat metal-enriched fish or when they drink from metal-contaminated 
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waters. The metals degrade the aquatic habitat and can cause a decline in the 
macroinvertebrate population, which may not support the fish population and thereby 
cause it to decline. 
In the upper portion of American Fork Canyon, Utah, there are over 100 mining 
sites that created mine adits, waste rock, and tailings piles (Fitzgerald, 2000). These 
waste rock and tailings piles are laden with toxic heavy metals that are leaching into the 
surface and ground waters that feed the North Fork of the American Fork River. Much of 
this land is under the management of the Uinta National Forest. In 1988, the Forest 
Service took water and soil samples and confim1ed the presence of toxic metals in the 
tailings piles and the North Fork of the American Fork River and in Mary Ellen Gulch. 
The 1988 macroinvertebrate sampling and analysis found that the metal-contaminated 
water was having a detrimental impact on macroinvertebrate population and diversity. 
Fish sampling, in 1998, from below the mine sites found that the fish have absorbed lead, 
cadmium and arsenic into their tissues at concentrations that are hazardous to human 
health if consumed (AFWRP, 2000). In response to these findings, the Uinta National 
Forest released a warning to anglers, in May 2002, to limit consumption of fish caught in 
the North Fork of the American Fork River (Figure 1). The concentration of toxic heavy 
metals in the North Fork of the American Fork River and Mary Ellen Gulch was in 
excess of the Utah State Clean Water standard during certain periods throughout the year. 
The metal-contaminated drainage was coming from the Lower Bog mine, the Pacific 
Mine, and the Yankee mines (Fitzgerald, 2000). 
Figure 1. Angler warning sign near Tibble Fork Reservoir in upper American Fork 
Canyon. 
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Based on the results of the 1988 soil and water analyses, the EPA listed American 
Fork Canyon as a "Comprehensive Environmental Response , Compensation, and 
Liability, Inventoried Site" (CERCLIS) in January of 1992. The 1988 findings were 
confirmed in 1992 when the Forest Service hired a consultant (Lidstone and Anderson) to 
do additional water sampling and testing. In June 1994, the Uinta National Forest 
completed a Preliminary Assessment of the project site and distributed copies to the EPA. 
As more funds became available, the Forest Service worked to complete the CERCLA 
requirement of Site Investigations, when more samples were taken for analysis. It 
appeared that contamination was corning from additional mining sites located on Miller 
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Hill. The Uinta National Forest hired hazardous material specialist Ted Fitzgerald as 
the On-Scene Coordinator for the American Fork Canyon Watershed Reclamation Project 
to reclaim the mine sites and restore the water quality for the North Fork of the American 
Fork River in accordance with the CERCLA standards (Fitzgerald, 2000). Mr. 
Fitzgerald's plan for the Pacific Mine is the removal of the mine tailings piles, which are 
thought to be the major source of surface and ground water contamination. The mine 
tailings will be placed in a capped repository site located at Dutchman Flat in American 
Fork Canyon. Work began in the spring of 2003 and has been completed (Fitzgerald, 
electronic communication, 2003). 
The Pacific Mine is an abandoned silver and lead mine that is located adjacent to 
the North Fork of the American Fork River in upper American Fork Canyon. It consists 
of several tailings piles and a collapsed mine portal that has water discharging out of it. 
The pH of portal water is near neutral (approximately 6.5) and contains orange Fe oxides 
and high concentrations of Pb, Zn, Cu, Cd, and As (UDOGM, 1993). A drainage channel 
was constructed by the Utah Division of Oil, Gas, and Mining (UDOGM) to direct the 
portal effluent away from the tailings and into a wetland beaver pond. The wetland 
beaver pond acts to filter out metals in the water prior to draining into the North Fork of 
the American Fork River. The beaver pond is effective at removing metals that are 
particulate in nature or have been sorbed onto Fe hydroxides. Concentrations of Pb, As, 
and Cu in the surface water are significantly reduced after passing through the wetland 
beaver pond. However, Zn and Cd concentrations are not reduced after passing through 
the beaver pond , which is attributed to their dissolved phase in the surface water system 
(Ludlow , 2001 ). In several areas at the mine site, there is surface water that runs through 
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the tailings, which load the discharge with metals before it enters the North Fork of the 
American Fork River. 
The surface water chemistry, the seasonal flux rates of metals coming from the 
Pacific Mine and retention of metals in the beaver pond sediment have been studied by 
Ludlow (2001 ); however, there have not been any investigations on the ground water 
system associated with the Pacific Mine. Knowing the impact of ground water flow 
associated with drainage from the Pacific Mine on metals in the North Fork of the 
American Fork River would greatly increase the understanding of the physical and 
chemical processes that produce metal contamination in the river. It would detennine if 
the major sources of metal contamination to the river are either from surface water 
interactions or from ground water interactions. It would also indicate to the Forest 
Service and other interested organizations whether or not removal of the tailings piles 
will be sufficient to reduce the concentration of toxic heavy metals in the North Fork of 
the American Fork and determine if further steps need to be taken to reclaim the Pacific 
Mine site in order to reduce metal concentrations in the North Fork. In addition, a greater 
understanding of the fate and transport of metals upon mixing with different water types 
will be gained. 
Purpose and Objectives 
The purpose of this study is to evaluate the hydrologic and chemical systems at 
the Pacific Mine site in relation to toxic metal contamination of the North Fork of the 
American Fork River. This paper investigates the chemical processes that occur as 
ground water flows through the tailings and mixes with the North Fork. Toxic metal 
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loading rates across the ground water - surface water interface along the reach of the 
North Fork adjacent to the Pacific Mine site are also presented. This study will aid in 
gaining a greater understanding of the fate and transport of metals in the surface and 
ground waters at the Pacific Mine. These investigations are based on the following data: 
1. Surface water discharge measurements of the North Fork and its 
tributaries 
2. Surface water and ground water hydrochemical analyses 
3. Geohydraulic analyses of the tailings and underlying alluvium 
4. Tailings sediment mineralogical analyses 
5. Geochemical modeling of water as it flows through the site and mixes 
with the North Fork 
Of particular interest to this study are the toxic metals loading rates in the North 
Fork of the American Fork River and what the contaminant contribution is from surface 
water tributaries versus that from contaminated ground water. It is the tailings piles the 
Forest Service perceives as the major contributor of metal contamination to the North 
Fork and it is the tailings piles that have been removed from the Pacific Mine site. 
Therefore, it should be determined if it is surface water flowing over the tailings then into 
the North Fork that is the dominant source of contamination to the North Fork or if it is 
ground water mixing with the North Fork. This determination should help decide 
whether or not removal of the tailings will dramatically improve the water quality in the 
North Fork. 
The toxic metals loading rates from the ground water and surface water into the 
North Fork of the American Fork River were determined by investigating metals loading 
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rates in the North Fork, its tributaries and in the ground water that flows through the 
tailings. The information needed for these calculations was obtained from surface water 
discharge measurements, water sample analyses, geochemical modeling, slug tests and 
water level measurements in the wells in the tailings. 
The rate of metals loading for surface water is defined as the product of flow rate 
(Q) and metal concentration (C). The rate of metals loading for surface water bodies was 
determined by: 
a. Measuring the surface water discharge rates at the upper and 
lower ends of the reach of the North Fork adjacent to the Pacific 
Mine site, and all tributaries that flow into that reach. 
b. Detennining the rate of ground water inflow or outflow by 
subtracting the discharge rates of the tributaries from the net 
change in the discharge rate of the North Fork. 
c. Measuring the concentrations of metals in water samples taken at 
the surface water discharge measurement sites. 
A loading rate was calculated for each toxic metal of interest to this study (As, Cd, Cu, 
Fe, Mn, Pb, Zn) at each surface water discharge measurement site. Mass balance 
calculations were performed to determine the extent to which toxic metals are gained or 
lost in the study section of the North Fork. The ground water flux rates are based on the 
results of the mass balance calculations. 
Geohydraulic and hydrochemical investigations of the tailings and the ground 
water in the tailings were performed in order to gain a better understanding of the 
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hydrology and chemistry of the Pacific Mine site. The geohydraulic and hydrochemical 
information was determined by: 
a. Performing slug tests on the wells to estimate the horizontal 
hydraulic conductivity of the tailings and underlying alluvium. 
b. Estimating the direction and magnitude of the horizontal 
hydraulic gradient based on water level measurements in the 
wells. 
c. Measuring the concentrations of metals in water samples taken 
from the wells . 
In addition to toxic metals loading rates, the chemical reactions that produce 
contamination in the North Fork are of great interest. Determination of toxic metal 
loading rates is pointless if the chemical processes and reactions that produce 
contamination are not identified or understood. That is, the fate and transport of metals 
in the surface and ground waters in the vicinity of the Pacific Mine must be investigated , 
so that the impact of the exposed tailings can be accurately assessed. The changes in 
water composition as water flows through the tailings and mixes with the North Fork 
were investigated by chemical modeling. This allows for a greater understanding of the 
reactions that control the composition of the waters near the Pacific Mine, and also the 
mobility and attenuation of metals in those waters. 
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BACKGROUND 
Location and Topography 
The Pacific Mine is located about 42 miles southeast of Salt Lake City, Utah 
(Figure 2). It lies just east of American Fork Twin Peaks in upper American Fork 
Canyon at the eastern base of Miller Hill between the Mineral Basin and Mary Ellen 
Gulch drainages and above the area known as Dutchman Flat (Figure 3). It is adjacent to 
the North Fork of the American Fork River and has an elevation of about 7800 feet. It 
lies in the heart of the Wasatch Mountain s, which define the eastern edge of the Salt Lake 
and Utah Valleys. The Wasatch Range runs roughly north -south from the central part of 
the state , near Nephi , to the northern part of the state near the Utah-Idaho border. The 
range is divided into three segments; the northern Wasatch, which runs from the Bear 
River NaITows to the Weber River, the central Wasatch , which extends from the Weber 
River to the American Fork River, and the southern Wasatch , which extends from the 
American Fork River to Salt Creek (Stokes , 1986). They are mountains of strong relief , 
with peaks that rise 6,000 feet out of the Salt Lake Valley and ascend to heights above 
11,000 feet. The highest peak in the range is Mt. Nebo, located on the southern end of 
the range , which has an elevation of 11,928 feet. The central Wasatch contains at least a 
dozen peaks with elevations over 11,000 feet, and the northern Wasatch contains 
numerous peaks with elevations near 10,000 feet. 
The topography and drainage systems of the Wasatch Range have been heavily 
influenced by the geologically recent Pleistocene glaciation. The largest and most 
d canyon 
Little cottonwoo 
Pacific Mine 
~ 
0 3 6 
Figure 2. Location of the Pacific Mine site relative to major towns and roads. 
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• 
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Figure 3. Location of the Pacific Mine in upper American Fork Canyon (modified from 
Kelner and Hanscom , 1998). 
prominent canyons in the central Wasatch (Big Cottonwood, Little Cottonwood, and 
Ame1ican Fork) were all occupied by alpine glaciers and have characteristics that are 
very typical of glaciated areas . The canyons are U-shaped, the heads of the canyons have 
the cirque form, the tributary canyons have the hanging appearance, the side slopes are 
steep and smooth, and many rock outcrops are bare and polished (Butler and Loughlin, 
1915). Little Cottonwood Canyon contained a glacier that was 12 miles long and reached 
the shores of the pre-historic Lake Bonneville (Stokes, 1986). 
American Fork Canyon is one of the most spectacular and beautiful canyons in 
the state of Utah. It is located on the northern edge of Utah Valley and Utah County, and 
runs roughly east-west. The northern edge is bounded by a ridge crest that houses 
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numerous peaks with elevations near or above 11,000 feet. The southern boundary is 
dominated by the majestic Mt. Timpanogos , which has an elevation of 11,750 feet. The 
mouth of the canyon has an elevation near 5,000 feet and the canyon is about 20 miles 
long. The lower portion of the canyon has a relatively gentle gradient, but it is very 
nan-ow with steep sides . The canyon opens up at Deer Creek or Tibble Fork Reservoir, 
where the numerous peaks that sun-ound the area become visible. This opening in the 
canyon was the location of the confluence of numerous alpine glaciers that once occupied 
these mountains. The canyon then nan-ows and steepens as the road crosses three 
dugways before reaching another opening at Graveyard and Dutchman Flats, which are 
located at the south-western and southern base of Miller Hill, respectively . The Pacific 
Mine is located on the eastern base of Miller Hill before entering the head of the canyon, 
Mineral Basin (Figure 4). 
Figure 4. Winter photo of Miller Hill and surrounding area (modified from Kelner and 
Hanscom, 1998). 
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Climate and Vegetation 
The climate and weather of the Wasatch Mountains can be strikingly different 
from that of the Salt Lake and Utah Valleys. The major contribution to the difference is 
due to the elevation and topography of the Wasatch. Temperatures in the Wasatch are 
mild in the summer and cold in the winter. Summer and fall weather is generally fair and 
relatively dry; however, thunderstorms can be common during the spring, summer and 
fall , depending on the weather pattern . The Wasatch gets the majority of its precipitation 
during the spring, although considerable snowfall occurs in the winter months , which is 
why the local ski resorts brag about the 500+ inches of average annual snowfall. The 
first snow usuall y falls in September, but is typica lly melted away by the mild fall 
conditions . Snow genera lly accumulates from October until the last snowfall of the year, 
which can be as late as June. Snow storms are known to drop several feet of snow at a 
time, and can last for several days at a time. Large avalanches are very common during 
and after snow storms and in the early spring due to melting from the higher 
temperatures . The spring nm-off is short, usually from May until late June; however, 
snow can remain year round in some locations . The upper portions of the canyons are 
usually snow packed until June and access cannot be gained until the snow has been 
melted away. 
The vegetation of the Wasatch is quite varied, depending upon the elevation and 
exposure aspects. The vegetation around the canyon mouths consists primarily of 
grasses, sage brush and oak brush. Lower elevation riparian communities exist along the 
rivers and streams that include cottonwood, box elder and willow; the higher elevation 
riparian communities are composed primarily of willow. The slopes are covered with a 
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mixed conifer forest, with oak and maple at the lower elevations and aspen at the 
higher elevations. Junipers can be found on south facing slopes. Above 10,000 feet, the 
alpine tundra communities begin, which are composed of low shrubs, grasses and herbs 
(Crosland and Thompson , 1994). 
Geologic Setting 
The Wasatch Mountains lie at the crossroads of several physiographic provinces , 
the result of which is an interesting and complex geology. The Wasatch ·'which is well 
defined throughout its length, forms part of the eastern limit of the Basin and Range 
province ; its eastern side, the boundary of which is more or less indefinite, merges with 
an upland region of which the northern part is the Wyoming Basin and the southern part 
the Colorado Plateau. These two regions are separated by the Uinta Range , a broad linear 
uplift that trends nearly eastward, almost perpendicular to the Wasatch Range , from 
which it is separated by a narrow depression" (Calkins and others , 1943, p. 3). The 
structure of the Uinta Range is an east-west running anticline, and along the axis of the 
Uinta anticline are three relatively large igneous intrusions that lie within the Wasatch 
Range. 
Sedimentary Rocks 
Every geologic period from the Precambrian to the Tertiary is represented in the 
Wasatch Range, with the Quaternary being represented as surface deposits. The rock 
formations of the Wasatch are composed of Precambrian and Cambrian gneisses, 
quartzites , shales and limestones, Paleozoic limestones and sandstones, Mesozoic 
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sandstones, shales and limestones, Tertiary igneous stocks, dikes, pyroclastics and 
conglomerates, and Quaternary glacial and stream deposits. 
The formations from the upper Precambrian are the Big Cottonwood Formation 
and the Mineral Fork Tillite. The Big Cottonwood Formation is composed of white, 
green and gray, rusty-weathering quartzite with interbedded grayish red, olive green and 
brown shale. It is unconformably overlain by the Mineral Fork Tillite, which is a rusty-
weathering black sandstone containing cobbles and boulders of quartzite , limestone, 
schist and granitic rock interbedded with shale, conglomerate, and quartzite (Baker and 
others, 1966). 
The lower and middle Cambrian Tintic Quartzite unconformably overlies the 
Mineral Fork Tillite. The Tintic Quartzite is a buff- to rusty-weathering, coarse-grained, 
vitreous quartzite with conglomerate at the base. The middle Cambrian system consists 
of the Ophir Formation and the Maxfield Limestone. The Ophir Formation is composed 
of three members. The lower member is an olive green micaceous, worm-tracked shale, 
the middle member is light gray limestone with wavy, tan-weathering siliceous laminae, 
and the upper member is a brown weathering calcareous shaly sandstone. The Maxfield 
Limestone is also composed of three members. The lower member is a massive, dark 
gray, mottled dolomite and limestone, the middle member is a mottled magnesian 
limestone and nodular shale, and the upper member is a dark gray medium-bedded, 
oolitic dolomite (Baker and others, 1966). 
The next units in the stratigraphic sequence are the lower Mississippian Fitchville 
Formation and Gardison Limestone, which lie on top of an unconformity. The Fitchville 
Formation contains two members. The lower member is a pale gray, massive dolomite 
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with locally pebbly sandstone at the base, and the upper member is a dark gray, 
massive dolomite with pale gray dolomite at the top. The Gardison Limestone is a thin-
to thick- bedded fossiliferous limestone and dolostone with lenses and nodules of chert in 
the upper part (Baker and others , 1966). 
The upper Mississippian system consists of the Deseret Limestone, the Humbug 
Formation, and the Doughnut Formation . The Deseret Limestone is a dark to light gray, 
fine- to coarse-grained limestone and dolomite with lenses and thin beds of chert. The 
Humbug Fom1ation is a dark to light gray limestone interbedded with tan-weathering 
sandstone. The Doughnut Formation is a thin-bedded, dark gray, fine-grained , 
fossiliferous , silty limestone, grading downward into a black shale with a few beds of 
rusty-weathering sandstone (Baker and others , 1966). 
Overlying the Doughnut Formation is the lower Pennsylvanian Round Valley 
Limestone , which is a pale gray limestone containing sparse nodules of orange-pink chert 
and silicified fossils. Next in the sequence is the upper Pennsylvanian Weber Quartzite . 
It is a pale gray to tan quartzite and limey sandstone with some interbedded gray to white 
limestone and dolomite . The only unit belonging to the Permian period is the Park City 
Formation. It is a pale gray-weathering fossiliferous and cherty limestone (Baker and 
others , 1966). 
The Triassic system consists of the Woodside Shale, the Thaynes Formation and 
the Ankareh Formation . The Woodside shale is a dark red or purplish red shale. The 
Thaynes Formation is a brown-stained, fine-grained, limey sandstone interbedded with 
olive green to dull red shale and gray, fine-grained, fossiliferous limestone. The Ankareh 
Formation is composed of three members. The lower member, or Mahogany Member , is 
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a reddish brown, purple or bright red shale, mudstone and sandstone. The middle 
member, or Gartra Grit Member, is a massive, cross-bedded, white to pale purple, coarse-
grained quartzite. The upper member has the same lithologic characteristics as the 
Mahogany Member (Baker and others, 1966). The Jurassic period is represented by the 
Nugget Sandstone, which is a light colored sandstone with interbedded shale (Calkins 
and others, 1943). 
Tertiary Igneous Rocks 
Tertiary igneous activity resulted in the emplacement of numerous igneous bodies 
that range in size, texture and composition . The origin of these igneous rocks is believed 
to be related to igneous activity associated with the plate tectonics concept of a 
subduction zone, where the North American lithospheric plate over-rode the various 
plates of the Pacific Basin. 
Much of the area between Park City and the Uinta Mountains is covered by a 
sequence of intermediate composition lava flows, flow breccias, volcaniclastic and 
pyroclastic rocks. This sequence is termed the Keetley Volcanics. Potassium-argon 
dating techniques have yielded dates of 33 to 35 m.y. (Crittenden and others, 1973), 
which places them in the Oligocene-Eocene epochs of the Tertiary period. 
In alignment with the fold axis of the Uinta Arch and the igneous masses of the 
Oquirrh Mountains are several igneous intrusions (Figure 5). The largest of these 
igneous bodies is the Little Cottonwood stock, followed by the Alta stock and the 
Clayton Peak stock. These stocks are younger in age and more felsic in composition 
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from east to west. The Flagstaff, Glencoe, Mayflower, Ontario, Pine Creek and Valeo 
stocks are a cluster of six other stocks that are exposed between Park City and the 
Clayton Peak stock (John and others , 1997). The western-most intrusion is the Little 
Cottonwood stock. It has been dated at 24-31 m.y. by radiometric techniques and is a 
porphyritic quartz monzonite (Crittenden , 1977). The next igneous mass in the series is 
the Alta stock, which has been dated at 32-33 m.y. by radiomet1ic techniques (Crittenden, 
1977). The Alta stock is composed of two units , one is diorite, the other granodiorite 
(Calkins and others , 1943). The Clayton Peak stock has been dated at 37-41 m.y ., and has 
a diorite composition (Crittenden, 1977). 
The majority of igneous rocks in the area consist of stocks; however , numerous 
dikes, and presumably sills, are also exposed. The dikes generally cut sedimentary strata 
and are believed to be offshoots of the stocks since the composition of the dikes are 
similar to that of the stocks (Calkins and others , 1943). 
Quaternary Deposits 
The Quaternary deposits of the central Wasatch Range include glacial deposits, 
stream deposits, landslides, talus, alluvial fans and valley alluvium. Much of the area, 
especially the northward-facing , high altitude slopes, were covered by glaciers during the 
last glacial period. As a result, many areas have glacial deposits in the form of moraines. 
Parts of the valley floor are covered by ground moraines and the mouths of the main and 
tributary canyons have end and lateral moraine deposits. Since the end of the last glacial 
period, streams have been down-cutting through glacial deposits and depositing alluvium. 
Talus has been accumulating next to cliff faces, forming talus slopes . 
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A few landslides have taken place in the area. One is just north of the Pacific 
Mine on the western slope of the canyon below Mineral Basin (Baker and others, 1966). 
The largest one is located in the vicinity of Graveyard Flat. It was an enormous landslide 
that had a source region on the north-west slope above Graveyard Flat. The landslide 
took place before the last glaciation during an interglacial period in pre-Wisconsin time. 
The landslide was so large that its features were not erased by the latest glaciation 
(Calkins and others, 1943). 
Structure 
The structure of the central Wasatch Range is quite complex. It is the product of 
the extensive tectonic activity that has been shaping the western United States since the 
late Mesozoic. The Wasatch Mountains are fault-block mountains that formed from 
Basin and Range extension. The offset along the Wasatch Fault is estimated to be 6.5 
miles (Parry and Bruhn , 1986). The Wasatch fault defines the western boundary of the 
Wasatch Range , and offset along the fault has produced the greatest uplift along the 
western side of the Wasatch. However , the strata of the Wasatch have been greatly 
deformed as a result of previous tectonic activity unrelated to the Basin and Range 
extension. Much of this deformation is related to folding and uplift of the Uinta 
Mountains . The structure of the Uinta Mountains is an east-west trending anticline that 
has a fold axis running through the ridge that separates Big and Little Cottonwood 
Canyons. Folding in the Uinta Arch has produced deformation in the rocks of the 
Wasatch. One example is the Parley's Canyon syncline, which parallels the Uinta fold 
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axis (Figure 6). The formation of the Uinta Arch is related to thrusting during the late 
Cretaceous. 
One of the largest tectonic disturbances to occur in North America is a zone of 
no1ih trending thrusts and folds that extends from southern Nevada to the northwest 
comer of Alaska. Locally, the name Sevier Orogeny has been applied to the disturbance 
that has created the numerous thrust sheets throughout Utah (Stokes, 1986). The 
thrusting began during the late early Cretaceous and lasted through the end of the 
Cretaceous. The thrust belt mns diagonally across Utah from the southwest comer to the 
northeast comer near Cache Valley (Figure 7). The three thrust sheets that have 
produced deformation of the strata in the Wasatch are the Alta , Mount Raymond and 
Charleston-Nebo thrnst sheets. The Alta thrust sheet occurred first, and its greatest 
exposure is in Little Cottonwood Canyon near the town of Alta . The next thrusting event 
produced the Mount Raymond thrust sheet that is exposed just north of Mount Olympus 
in the central Wasatch. The last and largest thrusting event was the Charleston-Nebo 
thrust sheet. It is exposed along the southern edge of the central Wasatch near Box Elder 
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Peak. The relationship between the thrnsting events and the folding and uplift of the 
Uinta Mountains is difficult to ascertain. Crittenden ( 1977) suggests that three successive 
thrnsting events, the Alta, the Mount Raymond and the Charleston-Nebo thrnsts, had a 
cause and effect relationship, where thrnsting from the west produced north-south 
compression and folding of the Uinta Arch, with folding becoming more intense with 
each successive thrnst. 
Ore Deposits 
Following the thrnst faulting of the late Cretaceous, there was emplacement of 
magmatic bodies (stocks and dikes) along the axis of the Uinta Arch during the mid-
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Tertiary. The intruding magma followed the north-south trending faults associated 
with the thrnsting, as indicated by the dikes in Big Cottonwood Canyon. Accompanying 
the magmatic intrusions, there was crustal bulging and further fissuring and faulting of 
the sedimentary rocks that paralleled the northeasterly trend of the magmatic bodies. The 
faults and fissures are just as important a factor in the formation of ore bodies as are the 
magmatic intrusions, since they provided conduits for mineralizing solutions that were 
derived from the cooling magma. Post-mineralization faulting offset many of the ore 
bodies that were formed during the mineralization process. Many of the east-west faults 
in American Fork Canyon were formed before mineralization and most of the north-south 
faults were formed after mineralization (Calkins and others , 1943). 
Ore deposits in the sedimentary strata have proven to be the most commercially 
important. They are placed into two categories: contact deposits , formed by contact 
metamorphism of the country rock, and fissure deposits , formed by the circulation of 
mineralizing solutions through fissures and faults. However, overlap of the two classes 
does occur. The most important deposits in the area were fissure deposits. These types 
of deposits were favorable because faulting crushed and brecciated the rock in the fault 
zone, making ore deposition more likely. One form of fissure deposits that was 
particularly important was bed deposits . These form from the ore replacement of 
limestone beds during the mineralization process. Bed deposits associated with thrust 
faults were quite successful because the thrust faulting produced overlapping and 
repeating limestone beds (Calkins and others, 1943). 
The characteristics and composition of the ore deposits depended upon many 
factors, such as degree of fracturing, temperature, pressure and composition of the 
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mineralizing solution, but one of most important factors was the composition of the 
host rock. In this area, it was mainly quartzite, limestone and dolomite. The suite of 
minerals in each ore deposit varied considerably, but there were common minerals to all 
of the deposits. These common minerals were pyrite, galena, sphalerite, quartz and 
calcite (Calkins and others, 1943). 
Geology of the Pacific Mine 
A geologic map of the area around the Pacific Mine is presented in Figure 8. The 
lithology of upper American Fork Canyon is dominated by quartzite, shale and limestone, 
as well as some dolomite . The quartzite is from the upper Precambrian Big Cottonwood 
Formation (p€bc) and the lower and middle Cambrian Tintic Quartzite (€t). Most of the 
shale belongs to the middle Cambrian Ophir Fonnation (€0 ). The limestone in the upper 
portion of the canyon is derived from numerous formations that range in age from middle 
Cambrian to upper Mississippian. The oldest unit is the Maxfield Limestone (Em), which 
is middle Cambrian in age. Much of the dolomite is from the lower Mississippian 
Fitchville Formation (Mf). Other limestone units are the lower Mississippian Gardison 
Limestone (Mg) and the upper Mississippian Deseret Limestone (Md) and Humbug 
Formation (Mh). No igneous stocks crop out in upper American Fork Canyon (these 
stocks crop out in Big and Little Cottonwood Canyons), but there are igneous dikes that 
crop out at the heads of American Fork Canyon and Mary Ellen Gulch. The area is also 
heavily faulted. The thrust faults are most likely associated with the Alta thrusting event, 
and the normal faults are probably associated with emplacement of the magmatic 
Legend 
1 lumbu~ f,1rm;mon 
Dr,t"a 'I and hi,nl1,~>n I .11m·,111nt ''> 
Ciin.it\on Limt ~tom : 
.\l.1Jciiot'l,ll ,im<:>\t1,nr 
Tm nr QuM11.1t1 
Fau lts Symbols 
,,. ... ,,, .. : 
......... "'""-"•'•·• 
Figure 8. Geologic features in the vicinity of the Pacific Mine, from Baker and others 
(1966) . 
25 
~1:t~ 
26 
intrusions; however , some may be related to Basin and Range extension. The ore 
bodies are located within or near faults and fissures . 
The Pacific Mine is located at the base of Miller Hill next to a nonnal fault that is 
referred to as the Mountain Dell Fault. The fault strikes roughly east-west and dips about 
55° south. It fonned after mineralization of the ore bodies in the mine. The fault brings 
Mississippian limestones on the south in contact with Cambrian quartzites and shales to 
the north, so the displacement must be more than 1000 feet (Calkins and others, 1943). 
Calkins and others ( 1943) indicate the fault cuts the Tin tic Quartzite and the Madison 
Limestone. However, Baker and others ( 1966) indicate the fault brings the Tintic 
Quartzite in contact with the Deseret and Gardison Limestones. The mine workings 
(Figure 9) are mainly in the Tintic Quartzite and the Ophir Shale, which are the country 
rock to the main ore body of the Pacific Mine, the Pacific fissure. The Pacific fissure is a 
In the E. normal fault that was too small to be mapped. It strikes at about N 45° E and 
dips about 50° NW. It has been offset about 18 feet by the Variegated fault, which strikes 
about N 70° W and dips steeply. Another ore body of the Pacific Mine is the Copper 
fissure , which has a more easterly trend and steeper dip than the Pacific fissure. It 
diverges along the northern part of the Pacific fissure , and whether it is a continuation of 
the Pacific fissure or a separate fissure is unclear. Mineralization in the Pacific fissure 
was not uniform and contained pyrite, galena and locally abundant sphalerite . Barite was 
found as a gangue mineral and tetrahedrite was found in the Copper fissure (Calkins and 
others, 1943). However, the Forest Service (AFWRP, 2000) indicates that the primary 
ore minerals at the Pacific Mine were galena, sphalerite, tetrahedrite , argentite and 
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bomite, in addition to the accessory minerals chalcopyrite, arsenopyrite and pyrite. 
The primary metals that were extracted from the mine were silver and lead. 
History 
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Mining in Utah began when Col. P.E. Connor and the California Volunteers 
established Fort Douglas and went prospecting in the mountains around Salt Lake City in 
1862 (Keetch, 1978). Utah's first mining district, the West Mountain Quartz Mining 
District, was established in 1863. With the joining of the Central Pacific Railroad and the 
Union Pacific Railroad at Promontory in 1869, Utah became the mining center of the 
west (UMHA, 2002). Utah's mountainous terrain is loaded with metal ore deposits, 
which drove many prospectors to Utah's mountains to develop numerous mining sites. 
Mining in American Fork Canyon began with the establishment of the American 
Fork Mining District on July 21, 1870 (Keetch, 1978). Hundreds of claims were made 
throughout its history. Most of the mining activity was centered on Miller Hill. Because 
Miller Hill is highly faulted and fractured, it was an optimal location for emplacement of 
ore bodies. The first rich mineral find of the American Fork Mining District was made 
by the Miller Brothers on the upper slopes of Miller Hill. The brothers sold their claims 
to the Aspinwall Company in 18 71. The Aspinwall Company incorporated under the 
name of Miller Mining and Smelting Company (Keetch, 1978), which dominated the 
district between 1871 and 1877 (Crosland and Thompson, 1994). The Miller Mining and 
Smelting Company expanded the original mining operations, and by 1874 had at least 
nine separate mine openings. They constructed a smelter and 25 kilns at Forest City, 
which was located at the mouth of Mary Ellen Gulch and operated as the headquarters for 
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the American Fork Mining District. They funded a narrow gauge railroad that was to 
run from the community of American Fork all the way up the canyon to the smelter at 
Forest City, but could only go to Deer Creek, which is where Tibble Fork Reservoir is 
presently located, due to the steep rocky terrain in the upper section of the canyon. A 
road was constructed , which is still in use today , to connect Forest City with the railroad 
(Crosland and Thompson , 1994). 
The Miller Mining and Smelting Company employed 200 men. They worked in 
the mine , the smelter, the kilns or on the railroad (Keetch , 1978). Numerous other mines 
were started by other prospectors during this period, but by 1876 the ore bodies in Miller 
Hill were exhausted and the district began to decline. The smelter was dismantled and 
the railroad , which was no longer profitable , was pulled up in 1878 and a toll road was 
constructed over the former railroad bed by the American Fork Wagon Road Company. 
The Miller Mining and Smelting Company leased many of their claims to smaller 
operators. The mining boom of 1871-1876 was the most productive period for the 
American Fork Mining District , and over 2.7 million dollars worth of gold , silver and 
lead from 39,950 tons of ore were recovered for the decade of 1870-1880 (Keetch , 1978). 
The next 20 years were relatively nonproductive for the district in terms of how 
much ore was shipped, but several new mines were started and the operating mines 
continued tunneling (Keetch, 1978). Things were looking up for mining development in 
the canyon, and several new mining companies were started with local and out-of-state 
capital between 1900 and 1905. It was during this period that the Pacific Mine got its 
start when, on February 24, 1900, the Pacific Gold Mining and Milling Company was 
incorporated with a capital stock of $20,000 (Keetch, 1978). Beginning in 1905, several 
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claims, the Blue Rock Group under the management of the Pacific Gold Mining and 
Milling Company, were in development and tunnels were being constructed (Calkins and 
others, 1943). 
In 1902, George Tyng arrived to the canyon as the new leasee of the Miller 
Mining properties on Miller Hill. He was a mining engineer and geologist, and he 
continued mining on Miller Hill, this time from the opposite side (the north-east side). 
Just as money was running out , an ore body was found and mined with great success. He 
had the reputation of being a kind and generous man. He built a two-story boarding 
house with an office and stable on the eastern slope of Miller Hill, which he stocked with 
the finest food and the best cooks. The building was destroyed by an avalanche in 1906 
with Mr. Tyng inside . He was found dead , still holding his pencil. His grave is located 
on top of Miller Hill , where he used to watch the sunsets and smoke his pipe. His son, 
Charles Tyng, finished the lease, which ended in 1907 (Keetch, 1978). 
This illustrates the fact that mining operations in the canyon were generally not 
suspended during the winter months. The people that worked in the mines were forced to 
cope with the heavy snowfall of the Wasatch. Snow tunnels were constructed between 
buildings and from the buildings to the mines . Materials and supplies were still brought 
up the canyon from the valley. As a result of this, loss of life and property due to 
avalanches was an all too common occurrence during the winter months. 
The mines in the district were being worked at a feverish pace, and between 1909 
and 1916 numerous new strikes were made, but ore production was fairly low. Pete 
Miller took on the Pacific Mine lease in June 1914. Armed with nine men, he had plans 
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to step up development and tunnel 1200 feet into the ground, and in September 1915, a 
rich ore vein was found (Keetch, 1978). 
On January 15, 1916, all interested parties (miners, investors, businessmen and 
stockholders) in the American Fork Mining District attended a meeting at American Fork 
City Hall to give the district more publicity and support (Keetch, 1978). A new publicity 
campaign was started, and, as a result , stocks soared and new finances became available. 
Shortly after , in April , the Pacific Mine hit a ten-inch copper vein that was rich in silver 
as well as copper. C.B. Ferlin took over management of the Pacific Mine and further 
developments were made. Fifty men were employed and construction of a mill at the 
portal was started. It was the first concentrator of the twentieth century in the canyon. 
Forest City saw a rebi11h, a post office was erected, and a stage coach line, a stable and a 
tavern were completed in 1916. In September of 1916, the Pacific inquired to Utah 
Power and Light Company about the possibility of gaining electricity for the mine, and 
by December a power line was completed that stretched six miles from the Snake Creek 
Station to the Pacific Mine ; the canyon now had power (Keetch, 1978). 
Mining production reached an all time high in 191 7, which was fueled by World 
War I and the demand for metals , but the end of the war brought a drop in ore prices and 
mining dropped off significantly. By 1920, ore production was at an all-time low for the 
century. Only a few mining operations continued in American Fork Canyon through the 
1920s due to the low ore prices. The new owner of the Yankee Mine in Mary Ellen 
Gulch, the American Smelting and Refining Company, purchased the mine in 1929 and 
constructed a four-and-a-half mile aerial tramway that ran from the Yankee Mine to Deer 
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Creek. The tramway was completed by the end of 1931, and in 1932 the tramway 
shipped a record setting amount of ore (Keetch, 1978). 
Production of ore remained relatively steady through the latter 1930s, which was 
due to outside capital support of the largest producers in the canyon, which were the 
Yankee, the Pacific and the Dutchman. The Second World War did little to stimulate 
production, and production decreased through the 1940s. It became harder to make a 
profit from the mines , and the tramway was dismantled about 1950 and production in the 
mines ceased shortly after (Keetch, 1978). 
The Pacific Mine was one of the largest and most successful mines in the canyon. 
The site was originally known as the Blue Rock claims, which were located in 1902, until 
the Pacific Gold Mining and Milling Company acquired the claims in 1904, patented 
them in 1912 and repeatedly leased them due to financial struggles. The extensive 
tunnels of the Pacific Mine were staiied in the 1870s, but the largest developments took 
place in 1916 and 1917 when a concentration mill was built. Most of the structures have 
been dismantled, but the mill foundation , a loading dock , an ore chute, roof and wall 
fragments from six of the offices/houses, a foundation and basement for a bunkhouse , 
and a massive tailings pile are all that are left from the operation (Crosland and 
Thompson, 1994). 
The mine was a busy place, with every bunk house and boarding house in 
operation during the mid 1920s. The availability of power at the concentration mill 
(Figure l 0) made mining at the Pacific more reliable and efficient, since oil and gas did 
not have to be carried up the canyon to run the pumps and compressors. Much of the ore 
developed during the early 1900s that was of too low a grade to ship was processed 
Figure 10. Pacific Mine during the latter 1910s. Photo courtesy of Melvin Anderson , 
from Crosland and Thompson (1994). 
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during this time. "The mill was used to separate the metals from the waste .. . The mill 
operation was jig tables. They moved in a shaking, revolving motion with long slats 
from top to bottom of the tables. The ore came out of the mine , was dumped into the 
crusher, from there to the rolls and then onto the jig tables where water and the motion of 
tables floated the light waste away, leaving only the pure metal; silver, lead , zinc , copper , 
and gold ... The mill operation was efficient. It separated most of the metal from the 
material put over the tables. Also, the tailings ponds were well constructed to contain the 
waste and settle the sediment out of the water before it entered the main creek of 
American Fork River" (Johnson , n.d., p. 2-3). 
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The size of the tailings pile attests to the amount of ore that was processed in 
the concentration mill. The mill could process 150 tons of ore a day. Three tons of ore 
produced 1 ton of concentrate , which on average contained 17 cents in gold, 15.88 
ounces of silver , 35% lead , and 0.34 % copper. The mill was temporarily closed down in 
1918 and remodeled in 1929 to process ore that was developed in 1928 (Calkins and 
others, 1943) . The mill was permanently shut down in 1936 (Stauffer, 1971), but the last 
shipment of ore from the Pacific Mine was made in about 1953 (Johnson, n.d.) . 
When the mines were shut down not much reclamation was done. The mine 
portals were usually left open and many of the structures were left intact. Now 
abandoned mines are viewed as hazardous places and people are told to keep out. It was 
up to other organizations to do something about these hazardous abandoned mines. In 
American Fork Can yon, the Forest Service removed many of the wooden structures that 
were believed to be a fire hazard , and the UDOGM closed off the mine portals so that no 
one could enter the mining tunnels. No work has been done to remove waste rock and 
tailings piles , which are now considered to be hazardous mate1ials. They have been left 
behind and are now polluting and contaminating the environment. 
Environmental Effects from Mining 
The environmental effects from mining are widespread. Aside from being 
economically profitable, historic mining operations have typically been harmful to the 
environment. The visual impacts of mining usually include deforestation and the 
development of waste-rock and tailings piles. Deforestation is the result of the demand 
for materials that are needed for construction and maintenance of mining structures and 
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buildings. Waste rock is generated from the extraction of earth material from the 
subsurface during tunneling activities, which is usually deposited in piles near mine 
shafts. Tailings are the by product of the milling process, where the heavier ore material 
is separated from the lighter host rock by sifting ground-up host rock and ore material 
through jig tables with flowing water. The development of waste-rock and tailings piles 
can be quite extensive, depending on the length of time that the mine was in operation 
and the grade of ore that was processed. 
The most common environmental effects from mining are acidification and heavy 
metal contamination of water that flows through a mine site. This leads to heavy metal 
contamination of soil, sediment, ground water and surface water systems such as lakes 
and streams. Environmental contamination from mining has been observed in many 
areas around the world (Bowell and others, 1995; Cohen and Gorman, 1991; Goettl and 
others, 1974; Jung, 2001; Marcus and others, 2001; Prusty and others, 1994; Sprenke and 
others, 2000). 
Mining activities extract metal ore from the subsurface, which is usually under 
anoxic conditions. Most metal ore bodies are composed of metal-bearing sulfide 
minerals such as pyrite (FeS2), galena (PbS), sphalerite (ZnS), tetrahedrite ((Cu, Fe, Zn, 
Ag) 12Sb4S13), bornite (Cu5FeS4), argentite (Ag2S), chalcopyrite (CuFeS 2), and 
arsenopyrite (FeAsS). When metal-ore sulfides are exposed to the atmosphere or 
oxygen-rich waters, they begin to weather. It is the weathering of metal-bearing sulfides 
that poses the greatest threat to the environment because the natural weathering of metal-
bearing sulfides releases dissolved metals, sulfate and acidity to the environment 
(Langmuir, 1997), which is illustrated by the weathering reactions of the most common 
sulfide ore mineral pyrite (Drever, 1997): 
2+ 2- + FeS2<sJ + 3.502 +H2O = Fe + 2SO4 + 2H 
Fe 2+ + 0.2502 + 2.5H2O = Fe(OH)3(sl + 2H+ 
[l] 
[2] 
The sulfur in the pyrite is oxidized, and ferrous iron , sulfate and acid are produced 
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(Equation [ 1 ]); however, more acid is produced by the oxidation of ferrous iron and the 
formation of a ferric iron-hydroxide complex (Equation [2]), which is also one of the 
visible features associated with mining. The above reactions are typically catalyzed by 
chemosynthetic bacteria that thrive in acid-mine drainage (AMD) environments. The 
iron-hydroxide complex is an orange amorphous solid, which typically coats the stream 
beds of areas affected by mine drainage. The weathering of other metal-bearing sulfide 
ore minerals follows a reaction similar to [ 1] in that acid and sulfate are produced, except 
that different metals are dissolved. Mining activities accelerate the weathering of sulfides 
by increasing the exposure of sulfides to the atmosphere, which typically leads to the 
fom1ation of AMD in areas where mining has occurred. 
The acidic waters generated by the weathering of sulfides in mining environments 
typically contain high concentrations of toxic heavy metals (As, Cd, Cu, Pb, Zn). The 
production of acid decreases the pH of the water, which increases the solubility of these 
toxic metals and degrades the water quality. The dissolved state of these toxic metals, 
under acidic conditions, allows them to be transported with the movement of the water, 
whether it is surface water or ground water. 
Acid mine drainage can be neutralized by reaction with carbonates or by 
mixing with uncontaminated water. The dissolution of calcite illustrates the 
neutralization process by reaction with carbonates: 
CaCO3(sl + H+ = Ca2+ + HCO3- [3] 
During mixing, the alkalinity of the uncontaminated water neutralizes the acid by CO2 
exsolution (Webb and Sasowsky, 1994 ): 
[4] 
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Acidic conditions can prevail if there is not enough calcite or alkalinity to neutralize the 
acid. 
Chemical reactions such as adsorption and precipitation occur during the 
neutralization process (Carroll and others , 1998; Filipek and others, 1987). During these 
reactions, the dissolved metals are removed from solution. The increase in pH causes 
precipitation of iron and aluminum hydroxides, and the toxic metals (As, Cd, Cu, Pb, Zn) 
are either co-precipitated with the iron and aluminum hydroxides or are adsorbed onto the 
hydroxides during transport (Drever, 1997). The iron and aluminum hydroxides are 
amorphous, and therefore have a high surface area to which the toxic metals can sorb. 
The environment in which AMD mixes with ambient waters has a large impact on 
the fate and transport of dissolved heavy metals. Mixing can occur in surface water and 
ground water environments, or by the interaction of both environments. Scheme! and 
others (2000) describe the chemical reactions that occur during mixing of an acidic 
stream with a neutral river. The iron and aluminum hydroxide precipitation occurs at and 
below the confluence of the streams over a short distance. The hydroxide complexes are 
either transpotted in the water column or are deposited on the stream bed, depending on 
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the discharge of the river. While suspended in the water column, the hydroxides are 
able to react with the dissolved toxic heavy metals and remove them from solution. The 
ability to react and sorb toxic heavy metals is reduced once the hydroxides are deposited 
on the stream bed. 
Paulson and Balistrieri ( 1999) have illustrated the importance that hydroxides 
have on metal removal within the mixing zone in which ground water and surface water 
interact. Their calculations indicate that relative to direct discharge of AMD into 
streams, lower metal removal is observed when AMD enters streams during the later 
stages of neutralization where most of the iron and aluminum hydroxides have 
precipitated and been retained in the soil. This suggests that ground water contamination 
can be more problematic because iron and aluminum hydroxides that precipitate during 
neutralization are not transported with the dissolved metals, and therefore the dissolved 
metals cannot sorb to the hydroxides. 
The dissolved metals derived from the weathering of sulfides (As, Cd, Cu, Pb, 
Zn) are toxic to many organisms, which is why environments that have been 
contaminated with AMD typically experience a decline in biodiversity. AMD degrades 
the aquatic habitat and has adverse effects on the population of aquatic organisms, such 
as fish and benthic macroinvertebrates (DeNicola and Stapleton, 2002; Saiki and others, 
1995; Saiki and others, 2001;), bacteria (Wassel and Mills, 1983), and riparian flora 
(Lejeune and others, 1996). 
The extent to which AMD is neutralized and toxic metals are removed from 
solution depends greatly on the physical system. These physical parameters govern 
numerous factors such as transport, chemical kinetics, biogeochemical processes that 
control pH, and the composition of the waters. Therefore , it is crucial to understand 
the relationships between the processes that occur in such environments, so that 
appropriate actions are taken to remediate areas affected by AMD. 
Pacific Mine Site 
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The Pacific Mine is an abandoned silver and lead mine. It lies adjacent to the 
North Fork of the American Fork River and a wetland beaver pond. The mine site 
contains several waste rock piles, a couple of run-down wooden structures, a rather large 
area covered with tailings piles (approximately I 05,000 square feet), and at least one 
caved-in portal that is discharging water (Figure 11). A limestone drainage channel was 
Figure 11. Wetland beaver pond with waste rock piles in the background. 
40 
constructed by the UDOGM in the early 1990s to direct the mine portal discharge 
away from the exposed tailings piles and into a wetland beaver pond prior to discharging 
into the North Fork of the American Fork River (UDOGM, 1993). There are six surface 
water tributaries that drain into the North Fork adjacent to the Pacific Mine site. One 
drains a wetland area and enters the North Fork from the east after flowing through a 
culve1t under the road, and the other five tributaries enter the North Fork from the west 
after running through the wetland beaver pond or over the tailings piles . Three of the 
western tributaries drain the wetland beaver pond. Two of these tributaries drain directly 
into the North Fork from the wetland beaver pond , and the other one flows from the 
beaver pond over the tailings and into the North Fork. The last two tributaries flow over 
the tailings and then into the North Fork. The sources of the last two tributaries are 
springs that are above the mine site . The eastern tributary and the western tributaries that 
drain the wetland beaver pond flow throughout the spring , summer and fall, but the other 
two tributaries that flow over the tailings dry up during the late summer or early fall. 
However, they do flow after heavy precipitation events . 
The most obvious feature of the Pacific Mine site are the waste rock and tailings 
piles. The waste rock piles have been deposited along the hillside above the flood plain 
of the North Fork. The tailings piles are located below the waste rock piles and have 
buried the flood plain. They are almost completely devoid of vegetation (Figure 12). 
The only plants that have been able to live in the tailings are the sedges, which live in the 
channels of the tributaries that flow over the tailings. 
The waste rock piles were derived from tunneling through the host rock, and thus 
have a coarse texture and a composition similar to that of the host rock lithology. They 
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Figure 12. Views of the Pacific Mine tailings from the tailings (top) and from the waste 
rock piles (bottom). 
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extend to a depth of approximately 10.5 feet (USBR, 2000). The texture of the tailings 
is predominantly medium- to fine-grained sand; however, there is a significant clay and 
silt content in certain areas. The tailings were derived from processing the low-grade ore 
that was extracted from the mine. The composition of the tailings is predominantly 
crushed Tintic Quartzite , but there are probable contributions from the other host rock 
formations. However , the actual mineralogy of the tailings are mostly unknown since 
there have not been any detailed studies on their mineralogy at the Pacific Mine. The 
tailings were deposited on top of the native alluvium, and the depth of the tailings varies 
from about 6.5 feet below the waste rock piles to 2.0 feet next to the North Fork (USBR, 
2000). The soil sample data collected by the Forest Service (AFWRP, 2000) indicates 
the average concentration for the toxic metals As, Cd, Cu, Fe, Pb, and Zn are 46, 35, 
1410, 24500, 14500, and 4560 parts per million (ppm), respectively. 
There are eleven wells at the Pacific Mine site, three deep wells (about 20 feet 
deep) and eight shallow wells( < 4 feet deep) . The deep wells were installed by the U.S. 
Bureau of Reclamation as part of the American Fork Canyon Watershed Reclamation 
Project in October of 2000 (USBR, 2000); however, one of the wells is dry. The shallow 
wells were installed by the Forest Service as part of its CERCLA site investigations in 
1994. Most of the wells are located in the tailings area, except for a shallow one that is 
located next to the beaver pond in vegetated ground and the deep dry well that is located 
in the waste rock area next to the collapsed mine portal. The shallow wells are 
constructed with one-inch inner diameter (I.D.) PVC pipe and are slotted throughout their 
entire length . The depths of the shallow wells probably do not exceed the depth of the 
tailings . The deep wells are constructed with schedule 40, 2-inch inner diameter (I.D .) 
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PVC pipe, with the bottom IO feet screened with 0.0 I-inch slots (USBR , 2000) . The 
screened portions of the deep wells are located in the native alluvium under the tailings. 
All of the wells have steel well covers, except for two of the shallow wells which are 
open to the atmosphere . 
The surface and ground waters from the Pacific Mine site are characterized by 
high levels of As, Cd, Cu, Fe, Pb, Mn, and Zn. The surface waters that flow through the 
mine site are near neutral to slightly alkaline in pH (Ludlow, 2001; UDOGM, 1993), and 
iron hydroxide precipitates are visible in the surface water channels and beaver pond 
sediments (Figure 13). The metals associated with the solid phase in the surface waters 
are Fe, Pb, As, and Cu. These metals are associated with and sorb onto the iron 
hydroxide precipitate that forms in these waters. Zinc and Cd are mainly present in the 
dissolved phase, and are not associated with the iron-hydroxide precipitate. The 
Figure 13. Iron hydroxide precipitates in a channel below the tailings. 
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suspended trace elements are removed from the surface water by sedimentation in the 
wetland beaver pond. Howe ver, the wetland beaver pond is not effective in removing 
dissolved metals such as Zn and Cd. The wetland plants are not hyperaccumulating or 
bioconcentrating any of the toxic trace elements found in the mine drainage. The toxic 
trace elements are being retained in the beaver pond sediments . The solubilities of these 
metals are controlled by the reduction of Fe3+ to Fe2+ in the beaver pond sediment. The 
surface sediments are high in Fe3+ -hydroxide precipitate , which retains the toxic trace 
metals. Upon reduction of the Fe3+ to Fe2+ and dissolution of the Fe2+, the retention of the 
toxic trace elements is decreased. However , following the Fe dissolution , the solubilized 
trace elements then precipitate in the form of carbonate minerals. Retention of toxic trace 
elements in the beaver pond sediments was investigated under two redox environments, 
oxygen limited and ambient conditions. Maximum toxic trace element retention occurred 
in the sediment samples exposed to oxygen limited conditions . Oxidation of the reduced 
sediments resulted in an immediate decrease in toxic trace element retention and the 
formation of Fe3+ oxide. The amount of Fe3+ oxide formed was not enough to retain all 
of the trace elements released , which would result in a large flux of the toxic trace 
elements into the surface water, so it is important that these beaver pond sediments 
remain inundated to prevent oxidation and further environmental contamination (Ludlow, 
2001). 
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METHODS 
A map of the study area is presented in Figure 14. It may be helpful to refer to 
this figure for clarification and reference to site locations. The locations of the mine 
portal, the dry 20-foot well, the ten other wells, the flow measurement and water sample 
sites , surface water bodies , and tributaries to the North Fork of the American Fork River 
are presented on the map . Some of the tributaries dried up by the end of the study period. 
These are the tributaries that were flowing in June of 2002 during the first period of data 
acquisition. This study contained five periods of field data acquisition, which were 
collected in the months of June, July, August, September, and October of 2002. 
Discharge Measurements 
The purpose of measuring the surface water discharge rates of the North Fork and 
its tributaries along the reach of the river adjacent to the Pacific Mine is to determine how 
much water the North Fork is gaining or losing from the ground water reservoir during 
the study period . If surface water is flowing into the ground water system (ground water 
recharge), then the summed discharges from the upper river boundary and tributaries will 
be greater than the discharge at the lower boundary and the North Fork is a losing stream. 
Conversely, if ground water is flowing into the surface water system (ground water 
discharge) , then the summed discharges of the upper boundary and tributaries will be less 
than the discharge at the lower boundary , in which case the North Fork is a gaining 
stream. In order to calculate the ground water recharge or discharge rates , surface water 
discharge rates must be measured and determined. 
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Figure 14. Map of Pacific Mine study area (aerial photograph from USGS, 1995). 
The reach of the river along which surface water discharge rates were measured 
lies adjacent to the Pacific Mine site. The upper boundary is located just upstream of 
where the road crosses the river and the river flows into a culvert underneath the road 
(NFAF-U; Figure 14). The lower boundary is just below the tailings ' southern-most 
reach (NFAF-L; Figure 14). The North Fork runs roughly north-south in this reach. 
There is one tributary that flows into the North Fork from the east (L-1; Figure 14), and 
five tributaries that flow into the North Fork from the west (R-1 through 5; Figure 14). 
These western tributaries flow directly through the mine site. 
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Surface water discharge measurements that were taken along the reach of the 
North Fork adjacent to the mine site were done by measuring the discharge along a cross 
sectio n of river that runs perpendicular to the flow direction. The current velocity was 
measured with a Marsh McBirney model 201 portable electromagnetic current meter with 
a top-setting wading rod using the 6/ l 0-depth method for determining mean velocity 
(USGS, 1980). The current meter and wading rod were on loan from the Uinta National 
Forest. The cross sectional distance was measured with a cloth measuring tape that was 
strung above the river from each bank . The flow through the cross section was calculated 
using the simple average method to determine discharge (USGS, 1980), which uses the 
same principles as estimating the area under a curve. The area of individual trapezoids 
was multiplied by the average water velocity through each individual trapezoid, and then 
the individual flows associated with each trapezoid were added together. 
The discharges of all the tributaries that flow into the North Fork along this reach 
were measured also. The discharge measurements for the tributaries that were too small 
for the current meter and wading rod were determined by the volumetric method (USGS, 
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1980) and the velocity-area tracer discharge method (USGS, 1980). The volumetric 
method involves timing how long it takes the tributary to fill a 2-liter or 5-gallon bucket. 
Multiple measurements were made and averaged to determine the discharge. The 
velocity-area tracer discharge method involves timing how long it takes dye to travel 
through a channel with consistent dimensions . This method was used only once during 
the course of the study. The discharge of the North Fork and its tributaries were measured 
during each field data acquisition period, producing a total of five sets of discharge 
measurements . 
Hydrochemical Analyses 
Water Samples 
Water samples are required to determine the composition and toxic metal 
concentrations for use in the toxic metal loading rate calculations and for geochemical 
modeling. Water samples were collected from each surface water discharge 
measurement site and from each well that was not dry. Filtered acidified and non-filtered 
acidified surface water samples were collected during each field data acquisition period 
for determination of dissolved and total aquatic constituents. Filtered acidified ground 
water samples were collected in June and October during the first and last field data 
acquisition periods for determination of dissolved aquatic constituents. The appropriate 
samples were filtered in the field with a 0.45-micron filter and acidified to a pH :S 2 with 
reagent-grade nitric acid. The ground water was extracted from the wells with a 
peristaltic pump. All water samples were stored in 250-mL HDPE bottles . 
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Certain hydrochemical parameters were measured in the field during sample 
collection prior to filtering and acidification. These measurements were water 
temperature, electrical conductivity, dissolved oxygen (both concentration and percent 
saturated), salinity, pH, Eh, and alkalinity. The hydrochemical measurements were 
obtained with a Quanta probe, a Hanna pH meter, a Hanna dissolved oxygen meter (HI 
9143 Microprocessor Auto Calibration Dissolved Oxygen meter), an Orion pH meter 
(Model 203A), and a YSI 85 oxygen, salinity and conductance meter. The Quanta probe 
and Hanna pH meter were on loan from the Uinta National Forest. The alkalinity was 
detennined using a Hach field alkalinity kit with bromcresol green as the titration 
indicator. 
Laboratory Analyses 
Major ion analyses for the filtered acidified samples were conducted by the Utah 
State University Soils Testing Laboratory. Major ion concentrations for Al, As, B, Ba, 
Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Si, Sr, and Zn were determined 
by ICP (Inductively Coupled Argon Plasma) analysis and Cl concentrations were 
determined using a Lachat flow injector analyzer, which is an automated colorimeter. 
Toxic metal concentrations for As, Cd, Cu, Fe, Mn, Pb, and Zn for the filtered acidified 
and non-filtered acidified samples were determined by ICP-MS analyses at the Utah 
Water Research Laboratory. The non-filtered acidified samples were digested with trace-
metal grade nitric acid using method 3030 E (APHA, 1995) prior to ICP-MS analysis. 
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Geohydraulic Analyses 
Slug Tests 
Rising-head slug tests were perfonned on the wells in order to detennine the 
horizontal hydraulic conductivity of the tailings and underlying alluvium for use in the 
toxic metal loading rate calculations. A rising-head slug test consists of removing a slug 
of water from a well and taking timed water level measurements with a well sounder until 
the water level nearly reaches its original static level. The hydraulic conductivity was 
estimated using the Bouwer and Rice (1976) method for a partially penetrating well 
completed in an unconfined aquifer and the aquifer test analysis program AQTESOL V 
(Duffield, 2000). 
Water Level and Well Elevations 
The water level in each well was measured using a steel tape with chalk and a 
well sounder during each field data acquisition period. A total station was used to 
determine the differences in elevation and distances between the wells. This allowed the 
elevation of the water table and the magnitude and direction of the horizontal hydraulic 
gradient in the tailings to be determined for each field data acquisition period. 
Sediment Sample Analyses 
Sediment samples were collected from the tailings for X-ray diffraction (XRD) 
analysis during the last field data acquisition period (October 2002) for determination of 
the dominant mineralogy of the tailings. This aids in identification of mineral phases for 
use in geochemical modeling. 
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Geochemical Modeling 
The geochemical modeling program PHREEQC (Parkhurst and Appelo, 2000) 
was used to analyze the water chemistry data . This allows an interpretation of the 
chemical processes and reactions that occur as water flows through the mine site and 
mixes with the North Fork to be made. Mixing calculations were performed along with 
surface complexation modeling in order to describe the chemical reactions that occur 
when the North Fork of the American Fork River mixes with contaminated ground water, 
and to detennine the extent to which toxic metals are sorbed onto iron hydroxides during 
mixing . The input parameters for these modeling calculations were the pH, alkalinity , 
dissolved oxygen content, temperature and composition of the waters involved in the 
calculations. The surface complexation parameters were obtained from Dzombak and 
Morel (1990). 
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RESULTS 
Discharge Measurements 
The discharge calculations for each discharge measurement site during each field 
data acquisition period and the ground water recharge or discharge rates and stream type 
for the North Fork are summarized in Table l. A negative value for the ground water 
recharge /discharge indicates that the North Fork is losing water, in which the ground 
water is being recharged . A positive value indicates that the North Fork is gaining water, 
in which ground water is discharging into the river. These rates have units of cubic feet 
per second (cfs). The field data and complete discharge calculations are presented in 
Appendix A. 
Hydrochemical Analyses 
The raw data results for the all of the laboratory analyses for all of the water 
samples and blanks are presented in Appendix B, in addition to all field gathered 
Table 1. Summary of discharge calculations, ground water discharge or recharge rates, 
and stream type identification (all units in cfs). 
June 12 July 10 August 19 September 14 October 15 
NFAF-U 68.01 5.22 3.00 4.57 3.11 
L-1 0.35 0.13 0.18 0.10 0.18 
R-1 2.02 0.39 0.10 0.14 0.03 
R-2 0.46 0.04 0.04 0.08 0.23 
R-3 0.54 0.13 0.05 0.07 0.02 
R-4 0.08 0.01 
R-5 0.01 
NFAF-L 64.27 10.39 4.20 3.40 4.72 
Ground water 
-7.20 4.47 0.83 -1.56 1.15 
recharge / discharge 
Stream type Losing Gaining Gaining Losing Gaining 
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chemical data and the detection limit study for the ICP-MS. Appendix C presents the 
final hydrochemical results for all water samples and the charge balance percent error as 
calculated by PHREEQC for the June and October water samples. The values in 
Appendix C have been corrected to account for the metals added during acidification in 
the field and to account for dilution in the digestion procedure. Since the water samples 
were acidified in the field with 20 to 40 drops of reagent-grade nitric acid, which contains 
trace amounts of the toxic metals of interest to this study, the final results for the water 
sample had to be corrected to account for the toxic metals that were added during 
acidification of the water samples in the field. This was done by analyzing deionized 
water blanks with 20 and 40 drops of reagent grade nitric acid. The acid was added to the 
same volume of sample collected in the field , blank 1 contained 20 drops of reagent grade 
nitric acid and blank 2 contained 40 drops of nitric acid. A portion of the blanks were 
digested in the same manner as the non-filtered water samples and both digested and non-
digested blanks were analyzed with the ICP-MS. The results are presented in Appendix 
B. The results for the non-digested blanks were averaged and the blank average was 
subtracted from the ICP-MS raw data results for the filtered and non-filtered samples . 
However, the only metals that were corrected were Cu and Pb because the averaged 
results for Cu and Pb, 0.38 and 0.25 parts per billion , respectively, were the only metals 
that were above the detection limits that were determined by the detection limit study. 
The digested blanks were not subtracted from the raw data because some of the digested 
blanks had metal concentrations greater than the digested water samples. This suggests 
that there may have been some contamination during the digestion procedure, but which 
samples or blanks were contaminated could not be determined, so only the non-digested 
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blank average was subtracted from the raw ICP-MS results as a way to correct for the 
amount of metals added in the field during acidification. 
For the digestion procedure, 50 mL of sample was boiled down to 10 to 20 mL 
and then diluted to 100 mL. To account for the dilution, the raw results (Appendix B) 
were multiplied by a factor of two to gain the final results for the total metals data . 
However, in a few instances, the dissolved concentration was greater than the total 
concentration , and in this situation the total concentration was set equal to the dissolved 
concentration. 
The silicon and sulfur raw data results were also corrected in the final 
hydrochemical results presented in Appendix C. It was assumed that all of the dissolved 
silicon is in the fom1 of silica and all of the sulfur is in the form of sulfate. 
Geohydraulic Analyses 
Water Level Elevations 
The water level elevations in each well for each field data acquisition period are 
presented in Table 2. These values are based on W-8 having an elevation of 7735 feet, 
which was obtained from an elevation survey of the tailings as part of the American Fork 
Canyon Watershed Reclamation Project (USBR, 2000). Values that are preceded by a 
less than sign ( <) indicate that the well was dry at the time of water level measurement. 
The reported value is the elevation of the well bottom, so the actual water level elevation 
was less than that value. The results of the water level measurements and total station 
survey are presented in Appendix D. The total station results give the coordinates of each 
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Table 2. Water level elevations from each well for each field data acquisition period (ft). 
Well June 13 July 11 August 19 September 15 October 15 
W-1 7746.66 7746.41 7746.15 7746.03 7746.12 
W-2 7748.85 7748.71 7748.07 7747.67 7747.45 
W-3 7739.90 7739.14 <7738.2 <7738.2 <7738.2 
W-4 7736.16 7735.02 <7734.l <7734.1 <7734.1 
W-5 7731.82 7731.03 <7730.2 <7730.2 <7730.2 
W-6 7738.63 7738.28 <7737.2 <7737.2 <7737.2 
W-7 7742.75 7742.56 7742.35 7742.36 7742.34 
W-8 7733.79 7733.00 7732.09 7731.87 7731.66 
W-9 7757.05 7756.28 <7756.1 <7756.1 <7756.1 
W-10 7739.04 7738.73 7738.42 7738.38 7738.35 
well in feet from the total station reference point. The distance between each well can be 
calculated from these coordinates. 
Maps of the potentiometric surface in the tailings are presented in Figures 15-19. 
These maps illustrate the overall flow pattern of the ground water through the tailings. 
The magnitude and direction of the hydraulic gradient was calculated from the total 
station survey and the water level measurements and potentiometric smface maps. The 
direction of the hydraulic gradient is approximately south-southeast, which is in line with 
W-2 and W-8. This is convenient because these wells did not dry up during the study 
period, and the magnitude of the hydraulic gradient can be calculated from these wells for 
every field data acquisition period . The hydraulic gradient was determined by dividing 
the difference between the water level elevations of W-2 and W-8 by the distance 
between those wells, which is 361.4 feet, as determined by the total station survey. The 
magnitude of the hydraulic gradient for each field data acquisition period was the same, 
which was 0.04. 
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Figure 15. June potentiometric surface map (aerial photograph from USGS, 1995). 
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Figure 16. July potentiometric surface map (aerial photograph from USGS, 1995). 
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Figure 18. September potentiometric surface map (aerial photograph from USGS, 1995). 
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Figure 19. October potentiometric surface map (aerial photograph from USGS, 1995). 
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Slug Tests 
The hydraulic conductivity (K) values estimated from the slug tests are presented 
in Table 3. The field data for the slug tests are also presented in Appendix D. A slug test 
could not be performed on W-9 because the water level in the well was too low for 
accurate recharge measurements . The units for hydraulic conductivity are feet per day 
(ft/day) . The range in K values for the tailings and underlying alluvium is between 0.8 
and 5 ft/day . This is a reasonable range considering the sandy texture of the tailings and 
the fact that K values can range over several orders of magnitude . The best estimate of 
K, to one order of magnitude, is 1 ft/day . 
The specific discharge ( q), or Darcy flux , can be calculated using the equation : 
q = K * I [5] 
where I is the hydraulic gradient. K is estimated to be l ft/day and I is 0.04, so q is 
calculated to be 0.04 ft/day. The average linear , or Darcy, velocity (v) of ground water 
can then be calculated using the equation: 
V = q / n [6] 
where n is the effective porosity of the aquifer material. The tailings has a texture of 
medium- to fine-grained sand, and an appropriate estimate for the effective porosity is 
25-40% (Driscoll, 1986). Thus, the average linear velocity of ground water through the 
tailings is calculated to be between 0.1 and 0.16 ft/day. 
Table 3. Hydraulic conductivity (K) values for each well (ft/day). 
W-1 3.85 W-6 1.00 
W-2 
W-3 
W-4 
W-5 
4.95 
0.817 
2.73 
1.00 
W-7 
W-8 
W-9 
W-10 
2.54 
3.00 
NA 
1.20 
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Metals Loading Rates 
The total and dissolved metals loading rates for each metal of interest (As, Cd, 
Cu, Fe, Mn, Pb, Zn) at each discharge measurement site are presented in Appendix E. 
The values are reported in units of milligrams per second (mg/s ). The net flux is a 
measure of how much metal is gained or lost in the study section of the North Fork of the 
American Fork River. It was calculated by subtracting the metals loading rates of the 
tributaries and the upper North Fork sample and discharge sites from the lower North 
Fork sample and discharge site (NFAF-L- (NFAF-U + L-1 + R-1 + R-2 + R-3 etc.)) . A 
positive net flux indicates that the total metal load in the North Fork increases through the 
reach studied. Alternatively, a negati ve net flux indicates that the total metal load 
decreases through the reach. The physical process responsible for this probably is 
adsorption of the metals to iron hydroxides or organic matter followed by deposition on 
the stream bed. 
In addition to the metals loading rates, the net flux for each metal in the river 
study section is presented in Appendix E. The net flux for the dissolved load relates 
directly to the extent that the dissolved metals are added to the river by ground water 
mixing with the North Fork, which is assumed to occur predominately when the North 
Fork is a gaining stream. A positive net flux for the dissolved load most likely suggests 
that ground water is adding dissolved metals to the North Fork. A negative net flux 
suggests that dissolved metals are lost from the river, which probably occurs by 
adsorption of the dissolved metals onto iron hydroxides or organic matter within the 
reach studied. Only a positive dissolved load net flux is attributed to contaminated 
ground water mixing with the North Fork and adding metals to the river, and the total 
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load net flux is a budget of the total metals as they are transported through the reach of 
the North Fork of the American Fork River studied. 
Sediment Sample Analysis 
The sediment samples that were collected from the Pacific Mine tailings were 
oven dried prior to analysis. Homogeneous and heterogeneous samples were collected, 
with the grain size ranging from clay to sand. The heterogeneous samples were analyzed 
separateiy based on grain size. For analysis, the samples were ground to a powder with a 
pestle and mortar and passed through a 115-mesh screen to obtain a particle size of 125 
micrometers. The powdered samples were firmly packed into an aluminum holder and 
analyzed using the Philips XRD instrnment in the Geology Department at Utah State 
University. The XRD utilizes copper K-alpha radiation (A= 1.5404 angstroms) which 
passes through a crystal monochrometer. The current was set to 15 mA, the voltage was 
set to 35 kV, the 2-theta scanning interval was set to 3-63 degrees, the step interval was 
0.05 degrees, and the scan speed was set for 2 degrees per minute. 
The diffraction patterns from the XRD analyses are presented in Appendix F. The 
diffraction patterns suggest that the dominant mineralogy of the tailings is quartz with 
minor amounts of kaolinite and a muscovite-like mineral, which is most likely illite 
(Figure F. l ). However, there are probably other mineral phases present in the tailings , 
but the abundance of quartz made identification of these phases difficult. These results 
are consistent with the documented lithologies of the host rock for the ore body , which 
were the Tintic Quartzite and the Ophir Shale (Calkins and others, 1943). The tailings 
were most likely derived from processing these two forn1ations. 
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All powdered samples were subjected to an acid test, where dilute hydrochloric 
acid was dropped on the powdered sample to determine if carbonate minerals were 
present. None of the samples reacted with the acid, which suggests that there were not 
any carbonate minerals in the collected samples. Identification of kaolinite was done by 
making an oriented sample on a glass slide. The oriented sample was analyzed with the 
XRD; the scanning interval was from 3-23 degrees. The diffraction pattern showed a 
peak at about a 2-theta angle of 12.4 degrees. The oriented sample was then placed in a 
550 degree (Celsius) oven for an hour. Upon re-analysis , the 12.4 degree peak was gone, 
which suggests the sediment sample contained kaolinite , because the kaolinite crystal 
structure was destroyed by heating in the oven (Figure F.2). 
Pacific Mine Site Hydrology 
Surface Water 
DISCUSSION 
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The surface water discharge measurements of the North Fork and its tributaries in 
the study area show that the highest flows occurred during the spring and early summer 
nm-off. On June 12, 2002, when the discharge measurements were taken, most of the 
run-off was already complete; that is, most of the snow had already been melted, except 
for a few patche s that were mainly located at higher elevations. There was no snow 
located within the study area. The flow in the river was probably highest for the year in 
the weeks preceding the first field data acquisition period in early June. During the first 
field data acquisition period , there were six surface water tributaries that were flowing 
into the study section of the North Fork. All of these tributaries had the highest recorded 
flows of the study period in June , and every surface water channel in the study area , 
except one located between R-2 and R-3, had water flowing in it, but the overall 
contribution of water to the North Fork from the tributaries was quite low, only 3.46 cfs 
(Table 1). The surface water flow budget calculations show that the North Fork was 
losing 7.20 cfs, or 11 %, of the flow at NFAF-U on that day in June. This was expected 
since most streams fed by snow run-off lose water when discharge is high, which 
recharges the ground water reservoir, and gain water from the ground water reservoir 
later in the season when the discharge drops. 
The second field data acquisition period was conducted on July 10, 2002, about a 
month after the first acquisition period. The discharge measurements showed that the 
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flow in the No1th Fork had dropped significantly. The upper North Fork discharge site 
(NFAF-U) flow dropped from 68.01 cfs in June to 5.22 cfs in July. The flow in the 
tributaries also decreased and one of the tributaries (R-5) that flowed over the tailings 
dried up, which was a result of the spring that fed the tributary drying up also. The 
overall tributar y contribution was only 0.7 cfs. The surface water flow budget 
calculations showed that the North Fork was now gaining 4.47 cfs of water. This actually 
is a significant amount, which almost doubled the flow of the North Fork, so the ground 
water contribution to flow in the North Fork was much greater, 43 % versus 7% from the 
tributaries. This was the greatest ground water contribution recorded for the study 
period. 
During the third field data acquisition period, which was conducted on August 19, 
2002, the flow in the North Fork continued to decline, but not as dramatically as the 
previous month. NFAF-U dropped from 5.22 cfs in July to 3.00 cfs in August, and 
NF AF-L dropped from 10.39 cfs in July to 4.20 cfs in August. The flow in the tributaries 
also declined and R-4 dried up , but the flow in L-1 rose a little bit . The overall tributary 
discharge was 0.37 cfs, which was 9% of the flow at NFAF-L. The North Fork remained 
a gaining stream, but the contribution of flow from the ground water (0.83 cfs, or 20% of 
the flow at NFAF-L) was much less in August as compared to July. However, the ground 
water contribution was still greater than the tributary contribution. 
The fourth field data acquisition period was conducted on September 12, 2002 . 
Compared to the measured flow in August, the flow at NFAF-U went up as did all of the 
tributaries except L-1 , which declined, but the flow in NFAF-L went down. The 
cumulative flow for the tributaries rose to 0.39 cfs. The surface water budget calculations 
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showed that the North Fork changed its stream type from a gaining stream to a losing 
stream. This was unexpected, but there had been a few days of heavy thunderstom1 
activity shortly before the discharge measurements were made in September. There were 
visible signs of erosion and surface run-off on the tailings, as evidenced by numerous rills 
and channels in the tailings that were obviously cut by running water. The amount of 
water that the North Fork was losing (1.56 cfs) was significant (34%) compared to the 
flow at NFAF-U (4.57 cfs). 
The last field data acquisition period was conducted on October 15, 2002. 
Compared to the measured flow in September, the flow at NFAF-U declined , as did the 
tributaries R-1 and R-3. However, the flow at NFAF-L and the tributaries L-1 and R-2 
increased, which increased the overall tributary contribution up to 0.46 cfs. The stream 
type changed back to the expected gaining stream. The surface water budget showed that 
the North Fork was gaining 1.15 cfs from ground water, which was 24% of the flow at 
NFAF-L. This was significant compared to the flow of the tributaries and that at NFAF-
U (3.11 cfs). 
Ground Water 
The magnitude and direction of the hydraulic gradient of ground water that flows 
through the tailings at the Pacific Mine site was one of the objectives of this study, and 
these parameters are illustrated by the potentiometric surface maps (Figures 15-19). The 
calculated hydraulic gradient of 0.04 remained consistent through out the study period. 
The water level in the wells changed each month, and thus the water table elevation, but 
not the overall hydraulic gradient. This suggests that the ground water in the tailings was 
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depleted unifom1ly through the tailings and underlying alluvium; that is, one area does 
not retain water more than any other area even though the texture and composition of the 
tailings and alluvium may differ. 
The results of the slug tests indicate that the hydraulic conductivity is similar 
throughout the tailings and underlying alluvium, which suggests that these two layers are 
hydraulically connected. The potentiometric surface maps show that the direction of the 
hydraulic gradient is roughly south-southeast, parallel to a line through W-2 and W-8. 
This illustrates that ground water flows roughly south-southeast through the tailings and 
the underlying alluvium, and into the North Fork of the American Fork. Recharge of the 
ground water flow system at the Pacific Mine site occurs from: ( 1) infiltration of 
precipitation, of which the majority is probably snow melt, (2) seepage from the beaver 
pond and the tributaries that flow over the tailings, and (3) subsurface inflow from 
fractures in the consolidated rock in Miller Hill. The ground water within the tailings 
most likely originates from infiltration of precipitation and seepage from the tributaries, 
while the ground water in the underlying alluvium probably has a source from all three of 
the above components. Discharge from the ground water flow system occurs in the 
mixing zone of the North Fork. The average linear (Darcy) velocity is calculated to be 
0.1-0.16 ft/day, which gives an idea of how fast ground water travels through the flow 
system. The chemical processes that occur in the surface and ground waters at the 
Pacific Mine site, and the extent to which surface and ground waters are contaminated by 
flowing over and through the tailings and underlying alluvium and what impact that has 
on the loads of metals in the North Fork and its tributaries, is the scope of the rest of the 
discussion in this chapter. 
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Chemical Processes 
Surface Water 
The following discussion is based on the results obtained from the chemical 
analyses of the water samples collected in the field. Piper diagrams were constructed to 
identify the hydrochemical facies of the water bodies from each sample site in June and 
October. A table was constructed to show the percentages of metals associated with 
suspended solids. Additionally, the equilibrium speciation computer program PHREEQC 
was used along with the diffuse double layer surface complexation model to simulate 
metal removal by ferrihydrite in the North Fork and its tributaries in the Pacific Mine 
study area. 
Piper ( 1944) diagrams were constrncted for all water samples that had a complete 
chemical analysis performed on them, which were the water samples collected in June 
and October. The hydrochemical facies, or water type classification boundaries defined 
in a Piper diagram follows that outlined by Back (1966) and is illustrated in Figure 20. 
The Piper diagrams for the surface water samples for June and October are presented in 
Figures 21 and 22. The hydrochemical facies, or water type , of the surface water that 
flowed through the Pacific Mine site in June was all the same, a calcium bicarbonate 
type. However, there was a significant amount of magnesium in the water samples, 
enough that the water type bordered on the calcium-magnesium bicarbonate type. In 
October there was a greater contribution of magnesium, so that the water was a calcium-
magnesium bicarbonate type. These water types are typical of the area, given the 
abundance of Paleozoic carbonate rock. 
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Cl 
As the Piper diagrams show, the dominant cations of the North Fork and its 
tributaries at the Pacific Min e site were calcium and magnesium and the dominant anion 
was bicarbonate . In June and October , the calcium and magnesium concentrations were 
much higher in the tributaries compared to the North Fork; this was true for sulfate also, 
except for L-1, which had a lower sulfate concentration (Table C. l, Appendix C). In 
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June , when surface water flows were the highest , chloride concentrations were high in all 
surface waters (averaged 23.2 mg/L), which were greater than the sulfate 
concentrations for NFAF-U , NFAF-L and L-1. In October , when flows were much 
lower , the chloride concentrations dropped significantly and were generally below the 
detection limit. This shows that the source of chloride in the surface water is most likely 
from snow melt during the run-off. 
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Alkalinity was higher in the tributaries compared to the North Fork during every 
month of the study period (Table C.l, Appendix C). In June, the alkalinity was 100 mg/L 
( as calcium carbonate) for NF AF-U, 120 mg/L for NF AF-L and the tributaries were all 
200 mg/Lor greater. R-2 was the highest at 260 mg/L. The alkalinity rose for the North 
Fork in July (NFAF-U was 120 mg/Land NFAF-L was 140 mg/L) and the tributaries 
were between 200 mg/Land 240 mg/L. The North Fork alkalinity increased again in 
August (140 mg/Land 160 mg/L for NFAF-U and NFAF-L, respectively) and the 
73 
tributaries all had the same alkalinity of 200 mg/L. The alkalinity in September was 
higher for NFAF-U (180 mg/L), but lower for NFAF-L (140 mg/L), compared to the 
month before, and the tributaries stayed at 200 mg/L, except for R-3, which was 180 
mg/L. In October, the alkalinity was the same for NFAF-U and NF AF-L (140 mg/L) and 
the tributaries were split between 200 mg/L for R-1 and R-2 and 180 mg/L for L-1 and R-
" _,. 
As with alkalinity, the total dissolved solids (TDS) were greater in the tributaries 
than in the North Fork (Table C. l, Appendix C). TDS was calculated by adding the 
concentrations (in mg/L) of all the dissolved constituents together, with alkalinity as 
CaCO 3• In June the TDS rose from 162.95 mg/Lat NFAF-U to 183.66 mg/Lat NFAF-L , 
and the average TDS for the tributaries was 346 mg/L. In October, the TDS was nearly 
constant for the North Fork (207.04 mg/L for NFAF-U and 206.84 mg/L for NFAF-L) ; 
however , the TDS for the tributaries dropped (averaged 276 mg/L), but were still greater 
than the North Fork. The high component of overland flow for the North Fork in June 
was diluting the dissol ved load contributed by the base flow, but in October the overland 
flow component was much less and therefore the dissolved load contributed by the base 
flow constituted a larger proportion of the total stream flow. 
The only month that accurate dissolved oxygen (D.O.) measurements were made 
was October , which was due to a faulty meter for the other months of the study period. 
The D.O. meter showed that the surface waters at the Pacific Mine site are oxygenated 
(Table B.3, Appendix B). R-2 had the lowest measurement (57.2 % saturated) and this 
tributary drained the wetland below the beaver pond. However, R-1 also drained the 
beaver pond, but had a D.O. measurement of 88.9%. The difference in dissolved oxygen 
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saturation suggests that there may be decaying organic matter in the wetland that is 
consuming oxygen, while the beaver pond water near the surface remains highly 
oxygenated. Based on these measurements, it was assumed that there was enough 
oxygen so that all sulfur was in the fom1 of sulfate throughout the study period. 
The pH of the surface water was generally neutral to slightly alkaline (between 
pH 7 and 8) through out the study period (Table C.l, Appendix C). The pH of the North 
Fork was generally slightly higher than the tributaries, except for the L-1 tributary, which 
sometimes had a higher pH than the North Fork. However, the tributary input was not 
enough to significantly alter the pH of the North Fork. 
The total and dissolved concentrations for the toxic metals of interest to this study 
(As, Cd, Cu, Fe, Mn, Pb, Zn) in the North Fork and its tributaries in June through 
October are presented in Table C. l of Appendix C. These data clearly show that the 
highest metal concentrations are typically in the tributaries that flow through the Pacific 
Mine site, and that the toxic metals with the greatest concentrations are iron and zinc; the 
other toxic metals generally have significantly lower concentrations. 
PHREEQC (Parkhurst and Appelo, 2000) was used to calculate speciation 
distributions , saturation indexes, charge balance percent error and hydrous ferric oxide 
(HFO) surface complex distributions for each water sample that was collected in June 
and October. The input parameters for PHREEQC are chemical concentrations, pH, 
alkalinity, dissolved oxygen, and temperature. The default parameter of pe = 4.0 was 
used for redox potential. Accurate dissolved oxygen measurements were not available 
for the June samples, but the surface water in June was most likely oxygenated so the 
lowest dissolved oxygen measurement in October (5.2 rng/L at R-2) was used for an 
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input parameter for the June samples as a conservative estimate of the dissolved 
oxygen content. The thennodynamic database MINTEQA2 (Allison and others, 1990) 
was used to perforn1 the equilibrium speciation calculations. The HFO surface 
parameters used in the surface complexation calculations were obtained from Dzombak 
and Morel (1990). These parameters included specific surface area (600 m2/g), strong 
site density (0.005 mol/mol Fe), and weak site density (0.2 mol/mol Fe). To convert m2/g 
to m2/mol, a molecular weight of 89 g HFO/mol Fe and a stoichiometry of Fe20 3·H20 
was used. To model metal sorption and calculate the surface complex assemblage for the 
HFO, the HFO surface was equilibrated with a solution with a fixed chemical 
composition, which was the chemical composition of each water sample. The HFO 
surface composition was implicitly defined, in that the number of HFO surface sites is 
related to the amount of ferrihydrite in equilibrium with the solution. Speciation 
calculations were first performed without an HFO surface to determine the saturation 
index of ferrihydrite for each water sample . Further speciation and surface complex 
calculations were performed, this time with ferrihydrite as an equilibrium phase, and the 
predetermined saturation index was entered for the appropriate water sample or solution. 
The default parameter of 10 moles of ferrihydrite was available for reaction to reach the 
defined saturation index, which is essentially an unlimited amount of the ferrihydrite. In 
order to run the simulations without any error messages diagonal scaling was used, the 
number of iterations was changed to 150, the convergence tolerance was set to l .0e-08, 
the tolerance was set to l .0e-15, and the pe step size was set to 10. 
The saturation index (SI) calculation results are presented in Appendix G for June 
(Table G .1) and October (Table G .2), which indicate that the smface water at the Pacific 
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Mine study area are supersaturated or at equilibrium with respect to numerous 
minerals. However, the only minerals with positive SI values that are considered to be 
important are the carbonate minerals calcite and otavite and metal hydroxides, the most 
important being ferrihydrite. These minerals are considered to be important because they 
control toxic metal mobility and attenuation. 
Calcite was supersaturated in only two water samples in June , NFAF-L and L-1 , 
which had the highest pH measurements of all June samples of 8.1 and 7.9, respectively 
(Table C.l , Appendix C), but in October calcite was undersaturated in all water samples. 
Otavite (CdCO 3) had positive SI values in all of the water samples that were collected 
from the tributaries that ran through the Pacific Mine site in June and October (R-1 
through R-5) . The highest SI values were 1.28 in June for R-5 and 0.5 in October for R-
3. This indicates that the cadmium concentration was high enough for otavite to at least 
be in equilibrium with those waters that have a positive SI value and may possibly favor 
precipitation in those tributaries . However, in June the cadmium input into the North 
Fork from the tributaries was not significant enough to raise the SI value at NFAF-L to a 
positive value , but it did cause an increase from -0.82 at NFAF-U to -0.22 at NFAF-L. In 
October the otavite SI decreased from -0.44 at NF AF-U to -0.49 at NF AF-L. 
Ferrihydrite was supersaturated in all surface water bodies throughout the study 
period. The highest SI value in June was 2.05 for NFAF-L (Table G.l, Appendix G) and 
1.59 for R-3 in October (Table G.2, Appendix G). Other iron-bearing oxide minerals 
with positive SI values were cupric ferrite, cuprous ferrite, Fe(OH)2.7Cl0_3, hematite, 
goethite, lepidocrocite, maghemite, magnetite and Mg ferrite. Except for cuprous ferrite 
in October, all of these mineral phases typically had SI values greater than that of 
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ferrihydrite, but since sorption only occurs onto ferrihydrite in the PHREEQC model, it 
is the only iron precipitate that is investigated. In June and October all surface water 
samples were saturated with respect to the numerous mineral phases for manganese oxide 
(bimessite, bixbyite, hausmannite, nsutite and pyrolusite) and for manganite (Mn OOH). 
Kaolinite was also supersaturated in all of the surface water samples in June, the lowest 
SI value was 4.87 for NFAF-U and the highest was 5.95 for R-5 (Table G.l, Appendix 
G). However, there were not any detectable amounts of aluminum in the surface water 
samples in October , so SI values for kaolinite and other aluminum-bearing clay minerals 
were not calculated . The SI values for gibbsite were all positive for all surface water 
samples in June, but undersaturated with respect to amorphous Al(OH) 3. Since HFO has 
a greater dominance over HAlO (hydrous aluminum oxide) for trace metal sorption 
(Paulson and Balistrieri , 1999), the presence of HAlO is not considered to be an 
important factor for partitioning of toxic metals. The carbonate minerals cerrusite 
(PbCO 3), smithsonite (ZnCO 3), rhodoch.rosite (MnCO 3), and siderite (FeCO 3) all had 
negative SI values in June and October; however , in June R-4 and R-5 had low positive 
SI values of 0.11 and 0.04, respectively , for ZnCO 3·H2O (Table G. l , Appendix G). 
Precipitation of most of these mineral phases is strictly speculative , as the minerals with 
low positive SI values are probably at the very least in equilibrium and may not 
precipitate, and the mineral phases with high positive SI values may not precipitate either 
due to the kinetics of the precipitation reactions. The only mineral phases that have been 
confirmed to exist are ferrihydrite , because it is a visible precipitate that coats the stream 
beds, and kaolinite, from XRD analysis. 
78 
In summary , from consideration of SI values , precipitation/dissolution reactions 
of secondary mineral phases do not appear to be important factors in controlling the 
concentrations of toxic metals in the surface waters in the Pacific Mine study area . The 
most important reaction is the precipitation of ferrihydrite, which was occurring in all 
surface water bodies , because sorption of trace metals onto HFO is the dominant 
chemical process that remo ves these metal s from the water column. However, there may 
have been some small removal of Cd and Zn in the tributaries from carbonate 
precipitation , and of Mn from precipi tation of manganese oxides and hydroxides . 
The results of the speciation distribution calculations for the North Fork and its 
tributaries in June and Octobe r are presented in Appendix H. The purpo se of these 
calculations is to describe the oxidation state of each metal and the metal-complex 
distribution, which in tum describe s how each metal is transported in solution. In all 
surface water bodies , arsenic was in the fonn of As(5) and was confined to only two 
complexes , in which the dominant complex (?._77%) was HAsO 4-2 followed by H2AsO4-
(:S23%). Cadmium species included Cd+2, CdCO 3, and CdHCO / with minor amounts of 
CdCi+. The dominant form of cadmium was in its free ionic state , even in the tributaries 
that have positive SI values for otavite , but for NFAF-L and L-1 in June, which were 
undersaturated with otavite , the dominant form was CdCO 3• Copper occurred as Cu(2) 
and was complexed with hydroxide , carbonate and bicarbonate, as well as in its free ionic 
form. In June and October the dominant copper complex in the North Fork and L-1 was 
Cu(OH)2 , but it was CuCO 3 in the tributaries that flowed through the mine site, except for 
R-1 in October. In June and October iron occurred as Fe(3) in the North Fork and the 
tributaries and Fe(3) was always complexed with hydroxide, with Fe(OH) 2 + > Fe(OH) 3 > 
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Fe(OHk, except at NFAF-L in June where Fe(OHk > Fe(OH) 3 > Fe(OH)/. 
Manganese occurred mainly as Mn(2), and was dominantly in the ionic fom1 of Mn +2, 
with minor amounts of MnHCO 3-. In June there were minor amounts of Mn(7) as MnO 4-
in the North Fork and L-1. Lead was dominantly complexed with carbonate. Zinc 
occurred mainly as zn +2 followed by ZnCO 3 and ZnHCO 3-, except for NFAF-L and L-1 
in June where ZnCO 3 was the dominant zinc species followed by zn +2 and Zn(CO 3) 2-2. 
In summary , the toxic metals that generally traveled in the free ionic state were cadmium, 
manganese and zinc. Copper and Fe(3) complexed with hydroxides, whereas lead 
complexed with carbonate and arsenic complexed as HAsO 4 2-. 
Table 4 presents the percentage of metals that travel as suspended solids for each 
metal during each water sample collection period. The percentage was calculated by 
subtracting the dissolved metal concentration from the total metal concentration and 
dividing by the total metal concentration. A high suspended solid percentage suggests 
that the metal is complexed with other inorganic species or that the metal is sorbed onto 
particulate matter that is suspended in the water column. The suspended particulates are 
typically organic matter or metal hydroxides. Due to the abundance of iron hydroxide in 
the waters at the Pacific Mine site, it is assumed that the metals with high particulate 
percentage values were sorbed onto HFO. 
This table indicates that Cu, Fe, Pb, and Zn traveled dominantly as suspended 
solids, whereas Cd and Mn traveled mainly as dissolved species. Arsenic traveled in both 
the dissolved and suspended solid state. In June , it traveled in the dissolved state in the 
No1ih Fork and L-1, but largely as suspended solids in the other tributaries (R-1, R-2, R-
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Table 4. Percentage of metals associated with suspended solids. 
June NFAF-U NFAF-L L-1 R-1 R-2 R-3 R-4 R-5 
As 32% 46% 17"10 82% 95% 87% 85% 99% 
Cd 89% 32% 69°0 l4"1o 21% 13% 10% 11% 
Cu 88% 70% 93°10 78% 89% 82% 66% 92% 
Fe 93% 87% 90% 95% 96% 96% 96% 99% 
Mn 58% 29% 35% 0% 7% 31% 41% 57% 
Pb 96% 92% 95% 98% 99% 97% 97% 97% 
Zn 100% 79% 98% 50% 58% 57% 24% 36% 
July NFAF-U NFAF-L L-1 R-1 R-2 R-3 R-4 
As 0% 12% 2% 75% 30% 32% 0% 
Cd 92% 26% 56% 38% 35% 31% 34% 
Cu 96% 62% 97% 93% 93% 73% 46% 
Fe 97% 89% 72% 98% 88% 82% 5% 
Mn 70% 4% 10% 53% 28% 22% 20% 
Pb 85";o 78% 47% 77% 82% 76% 68% 
Zn 99% 63% 97% 44% 64% 61% 45% 
August NFAF-U NFAF-L L-1 R-1 R-2 R-3 
As 12% 0% 9% 79% 28% 21% 
Cd 67% 22% 44°0 42% 10% 45% 
Cu 94% 72% 9l~o 86% 92% 80% 
Fe 92% 79% 92% 92% 93% 75% 
Mn 59% 23% 42°0 17% 20% 24% 
Pb 54% 42% 42% 58°0 49% 62% 
Zn 96% 67% 94% 50°0 23% 74% 
September NFAF -U NFAF-L L-1 R-1 R-2 R-3 
As 60% 25% 43% 76% 79% 50% 
Cd 83% 22% 77% 34% 40% 36% 
Cu 95% 86% 100% 94% 96% 53% 
Fe 97% 94% 95% 97% 96% 84% 
Mn 58% 23% 35% 20% 12% 6% 
Pb 79% 79% 77% 30% 78% 90% 
Zn 99% 70% 99% 59% 72% 56% 
October NFAF-U NFAF -L L-1 R-1 R-2 R-3 
As 81% 55% 60% 84% 77% 68% 
Cd 86% 40% 54% 28% 17% 23% 
Cu 99% 89% 95% 90% 91% 86% 
Fe 99% 90% 95% 96% 91% 93% 
Mn 55% 17% 31% 16% 0% 23% 
Pb 95% 77% 85% 69% 66% 97% 
Zn 98% 80% 93% 64% 64% 67% 
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3, R-4, R-5). In July and August, As traveled mainly in the dissolved state in all of the 
water bodies, except in R-1 where As traveled as suspended solids. In September and 
October, As traveled as suspended solids in all the water bodies except for NF AF-Land 
L-1 in September. At NFAF-U the metals traveled mainly as suspended solids, except 
for As in June through August. 
The HFO toxic metal surface assemblage as calculated by the surface 
complexation model in PHREEQC is presented in Appendix I. The results indicate that 
the strong sorption sites were occupied by Cu, Pb, and Zn, and that the weak sorption 
sites were occupied by As , Cu, and Zn. Since the smface assemblage calculated by 
PHREEQC could only be perfonned on the June and October water samples, a 
correlation between the percentage of metals associated with suspended solids and the 
HFO surface assemblage can only be done for June and October. The model results and 
suspended solid percentages are fairly consistent with each other. Cu, Pb, and Zn appear 
to be associated with HFO precipitates and they travel as suspended solids . Cd and Mn 
travel in the dissolved state and are not associated with HFO . The only discrepancy is 
with As in the North Fork and L-1 in June, where the model results indicate that it is 
associated with HFO , but Table 4 indicates that As travels in the dissolved state in the 
North Fork and L-1. However , As travels as suspended solids in the other tributaries in 
June and all of the water bodies in October, which is consistent with the model results. 
This may be a result of the low concentrations of As in the North Fork. The lowest 
concentration of As during the study was in NFAF-U and NFAF-L in June (Table C.l, 
Appendix C), so low that it was near the determined quantitative limit. The quantitative 
limits and detection limits were detem1ined by a detection limit study for the ICP-MS. 
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The quantitative limit is five times the standard deviation of a metal concentration in 
a water sample and the detection limit is three times the standard deviation (Table B.5, 
Appendix B). The total As concentration for NF AF-U in June was above the detennined 
detection limit but below the quantitative limit, so these values may not be entirely 
accurate. 
Table 4 also shows that the percentage of metals associated with suspended solids 
decreased from NFAF-U to NFAF-L for all seven metals in every month of the study 
period, except for As in June and July . Because the total metal concentrations generally 
decrease from NFAF-U to NFAF-L , what probably occurred is removal of suspended 
metals. At NFAF-U the channel is fairly narrow , so the water velocity is high enough to 
keep small particles suspended in the water column. After the river flows through the 
culvert and under the road the channel gets wider and the river flows through at least one 
beaver dam and some pools. The channel narrows roughly where R-4 enters the North 
Fork and remains narrow to NFAF-L. As the North Fork flows through the pools and 
beaver dams, the velocity decreases and the suspended particles probably settle out and 
get deposited on the steam bed. 
Ground Water 
Ground water samples were only collected twice during the study period, once at 
the beginning in June and once at the end in October, so discussion of the changes in 
chemistry are limited to these two months. Piper (1944) diagrams were constructed to 
identify the hydrochemical facies of the water bodies from each sample site in June and 
October. Toxic metal concentration graphs were constructed to illustrate how these 
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concentrations change through the tailings. PHREEQC (Parkhurst and Appelo, 2000) 
was used along with the diffuse double layer surface complexation model to simulate 
metals removal by ferrihydrite in the ground water within the tailings at the Pacific Mine 
site. 
The single most important factor that influences the chemistry of the ground water 
within and below the tailings at the Pacific Mine site is pH . Of the ten well water 
samples in June, four of them had pH measurements of 3 .1 or lower. Except for well W-
9, which was neutral, the rest of the well water samples were slightly acidic (Table C.l, 
Appendix C). Figure 23 presents the pH of each well water sample in June . The area 
where the pH is extremely acidic has been highlighted , which clearly shows the ground 
water contamination plume that comes from the tailings. The wells located in the interior 
and at the toe of the tailings were very acidic, with the lowest pH being 2.3 at W-5, 
followed by values of2.6 , 2.9, and 3.1 for W-3, W-8, and W-6, respectively. The most 
acidic part of the plume appears to be at the toe of the tailings at W-5, which is only a 
few feet from the North Fork, and given the pH of the deep well, W-8, also extends to a 
depth of at least 20 feet into the underlying alluvium. The overall extent to which the 
plume extends down the valley could not be determined because there were not any wells 
located below the tailings. The farthest downgradient well is W-5, which had the most 
acidic water, suggesting that W-5 may be located at the center of the ground water plume. 
The acidic plume appears to follow a ground water flow path that mixes with the North 
Fork of the American Fork River along the lower half of the reach studied, adjacent to 
and below the tailings . The wells surrounding the acidic part of the plume located at the 
head and along the perimeter of the tailings had pH values between 6 and 7. This 
)f 
Legend 
(±) Deep Well ~ Mine Portal 
....... _..,,.,...' ~---· 
_,.,. w.~.-, 
-...... 
6.5 '· 
.. W-3 
2i ''i4. 
84 
-··-··· Tributaries 
~ Wetland e • Feet Dry Well (20') £1 Shallow Well 0 2550 100 150 200 
-$- Discharge Measurement Site Beaver Pond 
-- North Fork American Fork River l¾va Acidic G.W. 
Figure 23. June well and surface water pH map. The area where the tailings ground 
water is very acidic has been highlighted (aerial photograph from USGS, 1995). 
suggests that those locations are upgradient of the acidic plume and that mixing of 
upgradient tailings ground water and the acidic plume does not occur, because there 
would be a more gradual change in pH from the perimeter of the tailings to the acidic 
interior. 
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By October, after most of the wells had gone dry, the pH measurements from the 
four remaining wells were near neutral (Table C. l, Appendix C and Figure 24). The 
change in pH from June to October illustrates that the water table had dropped below the 
tailings, and so production of acidic water had ceased. The acidic ground water plume is 
probably a seasonal occurrence . The water table starts rising during the spring run-off 
and comes in contact with the tailings where the interior wells are located, producing 
acidic water in the area highlighted in Figure 23. Thus, there is a surge of acidic ground 
water that flows through the lower portion of the Pacific Mine site and mixes with the 
North Fork every summer. 
The dramatic increase in acidity observed in the interior of the tailings in June 
suggests that there was something generating acid in the toe of the tailings. In October, 
the water table had dropped below the tailings and the pH of the only interior well with 
water in it, W-8, had increased from 2.9 to 6.39, indicating that production of acid had 
ceased. Therefore, it must be reasoned that acid is generated in the toe end of the tailings 
when ground water is in contact with it, so there may be a difference in composition at 
the toe end as compared with the rest of the tailings that is generating the acidic plume. 
Given the high concentrations of Fe and S0 4 at W-5, the production of acid is probably 
related to reactions involving these species, which suggests that acid production occurs 
from the oxidation of pyrite. The wells in the toe of the tailings are W-3, W-5, W-6, and 
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Figure 24. October well and surface water pH map (aerial photograph from USGS , 
1995). 
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W-8; however, all but W-8 went dry between the second and third field data 
acquisition period (7/ 11/2002 and 8/19/2002), which probably means that the water table 
dropped below the tailings sometime during the end of July or early August, and that is 
when significant acid production ceased. 
The water type for each well water sample in June and October are presented as 
Piper ( 1944) diagrams in Figures 25 and 26, respectively . The water type for the well 
water samples located in the interior of the tailings (W-3 , W-5, W-6 and W-8) was a 
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Figure 25. Piper (1944) diagram of June well water samples. 
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calcium sulfate type ; however , W-5 and W-3 did border between the calcium and no 
dominant cation water type. The perimeter well water samples (W-1 , W-2, W-4 , W-7, 
W-9 , and W-10) were of the calcium bicarbonate type, except for W-1 and W-9 , which 
were a no dominant cation for W-1 and a sodium chloride water type for W-9. The 
calcium bicarbonate water type is typical of the area, and the variation in ground water 
type at the Pacific Mine site illustrates that sulfate replaces bicarbonate as the dominant 
anion in the acidic part of the ground water plume. 
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In October the only interior well that had water in it was W-8, and its water was 
the sulfate type with no dominant cation. The other wells that had water in them were the 
perimeter wells W-2, W-7, and W-10 , which had a calcium bicarbonate water type that 
bordered on the calcium-magnesium bicarbonate type. So there was not a change in 
water type for the perimeter wells , and the interior well W-8 changed to a no dominant 
cation water type. 
The dominant ions differ from what the Piper diagrams suggest for some of the 
wells because the only cation species considered by the Piper diagram are Ca, Mg, K and 
Na, so the information that a Piper diagram gives is insufficient for some of the well 
water samples . The dominant cations for the interior wells in June were Fe and Zn. W-5 
had the highest Fe concentration of 261.5 mg/L, followed by Zn with a concentration of 
80.58 mg/L (Table C.l , Appendix C). However , Zn concentrations exceeded Fe 
concentrations in W-3. Following Fe and Zn, the next most abundant cation was Ca. 
As suggested by the Piper diagrams , the most abundant anion for the interior 
wells in June was SO4 . The SO4 concentrations were so high that they exceeded that of 
the dominant cations . There was no carbonate contribution because there was no 
detectable amount of alkalinity as determined by the field alkalinity kit (Table B.3, 
Appendix B) . 
The tailings interior well samples had no detectable alkalinity in June, as the pH 
was lower than the alkalinity titration end point. The perimeter wells had alkalinity 
values that ranged from 160 to 280 mg/L (as CaCO 3) (Table B.3, Appendix Band Table 
C. l Appendix C). In October, the alkalinity did not change for W-2 and W-7, which 
were 220 mg/L and 160 mg/L, respectively. However, W-8, which had no alkalinity in 
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June, had 100 mg/Lin October, and the alkalinity for W-10 dropped from 220 mg/L to 
160 mg/L. 
The only accurate dissolved oxygen (D.O.) measurements were collected in 
October, so there are only four wells with D.O. values. The measurements for W-2, W-7, 
W-8, and W-10 were 4.43, 5.30, 5.13, and 2.91 ppm, respectively (Table B.3, Appendix 
B). The highest saturation value was for W-7, which was 72.5% saturated , and the 
lowest was 37.5% saturated for W-10. 
Some of the well water samples had total dissolved solid (TDS) concentrations 
significantly greater than those of the surface waters of the Pacific Mine site. In June, W-
5 had the greatest TDS content of 1697.39 mg/L, followed by W-9 (1291.25 mg/L), W-6 
(890.86 mg/L), W-8 (787.96 mg/L), W-1 (535.91 mg/L), W-3 (487.17 mg/L), W-10 
(388.04 mg/L), W-4 (354 .96 mg/L), W-2 (352.17 mg/L), and finally W-7 (345.79 mg/L). 
The interior well water samples were expected to have the greatest TDS content , so it was 
surprising that W-3 did not have a greater TDS value , and that W-9 had such a high 
value , which is attributed to its high Na and Cl concentrations . The perimeter wells, W-
2, W-4, and W-7, had the lowest TDS contents in June, which were similar to those of the 
surface water tributaries that flow through the mine site. 
The TDS contents for the October well water samples were lower than the TDS 
contents in June, which is related to the observed increase in pH that occurred in the 
tailings ground water. Of the four wells in October that water samples were collected 
from, W-8, which was the only one of the four interior wells to contain water, had the 
highest TDS content. 
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The concentration of toxic metals in the ground water within the tailings was 
higher than that found in the surface waters at the Pacific Mine site. The highest toxic 
metal concentrations occurred in the water samples collected from the interior wells 
(W-3, W-5, W-6, and W-8), which had considerably higher concentrations than any other 
water samples collected during this study, especially the water sample collected from 
W-5 in June. Of the seven toxic metals of interest to this study (As, Cd, Cu, Fe, Mn, Pb, 
and Zn), W-5 had the highest concentration for five of those metals (As, Cd, Cu, Fe, and 
Zn), and the highest concentration for Mn and Pb occurred at W-8 and W-3, respectively 
(Table C. l , Appendix C). This is further evidence that suggests the center of the ground 
water contaminan t plume is located at the toe of the tailings, which is only a few feet 
from the North Fork of the American Fork River, so as ground water flows through the 
tailings towards the river, and eventually mixes with it, the toxic metal concentrations 
increase toward the toe of the tailings. This is illustrated in Figure 27, which shows the 
log concentrations of dissolved toxic metals for June from the shallow wells W-2, W-3, 
W-6, and W-5. The wells W-2, W-3 , W-6, and W-5 follow the general trend of shallow 
ground water movement through the tailings , based on the potentiometric surface maps 
previously presented (Figures 15-19). A different flow path is presented in Figure 28. 
This flow path follows the wells W-1, W-7, W-10, and W-8, which illustrates that toxic 
metal concentrations generally increase toward the toe of the tailings as ground water 
flows through the tailings and down into the underlying alluvium. 
Compared with June, the toxic metals concentrations generally decreased in the 
well water samples from October (Table C.1, Appendix C). There were a few 
exceptions. The As concentrations increased in W-2, W-7, and W-10 . The Cu 
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concentration increased in W-2, the Zn concentra t ion increased in W- 7, and the Mn 
concentrations increased in W-2 and W-10. The highest toxic metals concentrations in 
October were still from the only well that is located in the interior portion of the tailings , 
W-8. Except for Cu and Pb, the general trend for toxic metals concentrations along the 
ground water flow path through the tailings was the same as in June; the toxic metals 
concentrations increase toward the toe of the tailings. This is illustrated in Figure 29, in 
which the flow path is based on the only wells that were sampled in October. The flow 
path presented follows the wells W-2, W-7, W-10, and W-8. It is probably not the true 
ground water flow path through the tailings, but a general flow path is still maintained in 
that it goes from the well with highest water level elevation to the well with the lowest 
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Figure 29. Log concentration (ppb) of dissolved toxic metals from October shallow (W-
2 and W- 7) and deep (W-8 and W-10) well water samples. 
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elevation, so it suffices for a general description of toxic metals concentrations through 
the tailings. The contaminant plume still exists in October, but the toxic metals 
concentrations are much lower because the water table has fallen below the tailings in the 
acidic part of the ground water plume. 
As with the surface water samples , PHREEQC was used to calculate speciation 
distributions , saturation indexes, charge balance percent error and hydrous ferric oxide 
(HFO) surface complex assemblages for each well water sample that was collected in 
June and October. The same input parameters were used as with the surface water 
samples except for dissolved oxygen , as well as the HFO surface parameters and implicit 
definitions for the number of surface sites. The lowest dissolved oxygen content for 
October (W-10 , 2.91 ppm) was used as a conservative estimate for the June samples. 
During equilibration, the positive or negative saturation index for ferrihydrite was set to 
the saturation index value that was calculated in the preliminary model run; that is, 
without an HFO surface and no equilibrium phases. 
Investigation of saturation index values was done to speculate about 
dissolution/precipitation reactions that may be occurring within the tailings , and whether 
toxic metals are associated with any of the mineral phases involved in those reactions. 
The presence or absence of any of the minerals with positive saturation index values can 
only be verified by detailed mineralogical analyses, so whether or not minerals are 
precipitating is strictly speculative and based on the results from PHREEQC. 
The PHREEQC saturation index (SI) calculation results for the minerals with 
positive values for all well water samples collected in June and October are presented in 
Appendix G. The saturation index for ferrihydrite is also presented for each well water 
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sample to show what saturation index value was entered into the model. The interior 
wells had the lowest number of minerals with positive SI values in June . This is no doubt 
due to the acidic ground water conditions that existed at those wells in June. Increasing 
acidity typically increases mineral solubility, which will decrease the number of phases 
that are supersaturated. The only toxic metals that had phases with positive SI values in 
June for the interior wells were Cu, Fe, and Pb . Pb was associated with only one phase , 
anglesite. Cu was associated with numerous phases: anilite, blaubleil , blaubleill , 
chalcocite, covelite, djurleite, and cuprous ferrite. The only Fe-bearing minerals that had 
positive SI values from the inte rior wells were Ca and Mg nontronite and cuprous ferrite. 
Also, quartz was supersaturated in all of the interior wells. 
In June , the perimeter wells were supersaturated with a greater number of mineral 
phases compared to the interior wells. There were mineral phases with positi ve 
saturation indexes for each toxic metal. The only toxic metal that had supersaturated 
phases in every perimeter well was Fe, but ferrihydrite was only supersaturated in three 
wells: W-1, W-9 and W-10. The Fe mineral phases that were supersaturated in every 
well were cupric ferrite , goethite and its polymorph lepidocrocite , hematite, 
Fe(OH)2.7Cl0_3, and maghemite . The only As phase was Ba3(As0 4) 2, which occurred only 
in W-10. Cd and Pb were associated with the carbonates otavite and cerrusite, 
respectively. Cerrusite was supersaturated in W-7 and W-10, and otavite was 
supersaturated in every perimeter well except W-7 and W-9. Cu was associated with the 
Fe bearing phases cupric ferrite and cuprous ferrite. Mn was associated with bimessite, 
bixbyite, hausmanite, manganite, nsutite, and pyrolusite. Zn was associated with the 
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phase ZnSiO 3, which was supersaturated in every perimeter well. Quartz was 
supersaturated in every perimeter well except W -7 and W -9. 
There were numerous clay mineral phases that had positive SI values in the 
perimeter wells. Kaolinite is considered to be the most important of these minerals due to 
its abundance. The only well that did not model any clay mineral phases was W-2 , which 
was due to the lack of any detectable amounts of aluminum in the well water sample 
(Table C. l , Appendix C). The clay minerals that had positive SI values were Ca, Mg , 
and Na nontronite , halloysite , leonhardite, and montmorillonite. There were also 
aluminum hydroxide phases, which included boemhite, diaspore , and gibbsite and the 
sheet silicates musco vite and pyrophyillite. There were only a couple of sulfate mineral 
phases that were supersaturated, alunite and barite, which occun-ed in only a few wells, 
W- 7 and W-9 for alunite and W-10 for barite . 
In October, the only interior well that had water in it was W-8, and it had by far 
the greatest number of mineral phases with positive SI values. This is probably because 
in June it was quite acidic, which increases mineral solubility and the saturation capacity, 
so as the pH rose the water became supersaturated with a large number of mineral phases. 
The mineral phase assemblage for W-8 in October resembles the mineral phase 
assemblage of the perimeter wells in June , except that there were more phases for W-8 in 
October. The additional phases for W-8 include an aluminum hydroxide sulfate phase, 
bimessite, bixbyite, hausmannite , Kand Na jarosite, manganite, nsutite, and pyrolusite. 
The only perimeter wells that were sampled in October were W-2, W-7, and W-
I 0, and these wells had about half as many mineral phases with positive SI values 
compared to W-8. The phases that occun-ed in the perimeter wells also occun-ed in W-8, 
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so W-8 contained the entire mineral phase assemblage for the October well water 
samples. The main difference between the perimeter wells and W-8 was the lack of clay 
minerals and quartz in the perimeter wells, which is probably due to the absence of 
aluminum and the lower concentrations of silica in those well water samples (Table C.1, 
Appendix C). All of the well water samples in October were supersaturated with the Mn 
mineral phases : birnessite , bixbyite, hausmanite , manganite , nsutite , and pyrolusite. The 
other toxic metals that were associated with mineral phases are As, Cu, Cd, Fe, and Zn, 
which were associated with Ba3(As0 4) 2, cupric and cuprous ferrite, otavite, 
Fe(OH) 2_7Cl03 , ferrihydrite, goethite, lepidocrocite , hematite , maghemite, magnetite, Mg 
ferrite, and ZnSi0 3, respectively. These phases were supersaturated in every well in 
October, except for Fe(OH)2.7Cl0_3 in W-10. 
In summary, the only mineral phases that have been confirmed to exist in the 
tailings are quartz, illite, and kaolinite. The presence of illite was subjective, since the X-
ray diffraction pattern suggested a mineral with a structure similar to muscovite, it was 
reasoned that it was illite (Figure F. l, Appendix F). Given the number of clay mineral 
phases with positive SI values, it can be reasoned that illite does not exist as a secondary 
mineral phase , but that it might have been another clay mineral that gave the muscovite-
like diffraction pattern or that there is another clay mineral in addition to illite. The 
presence of kaolinite is very likely, given that PHREEQC indicates that kaolinite is 
supersaturated in numerous well water samples. Once again, precipitation of the minerals 
with positive saturation index values remains speculative and the mineral phases with low 
positive values are probably only in equilibrium while the mineral phases with higher 
positive values may not be precipitating due to slow reaction kinetics. The minerals that 
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are precipitating from these waters can only be confirmed by detailed mineralogical 
analyses. 
The results of the speciation calculations performed by PHREEQC for the toxic 
metals from the well water samples collected in June and October are presented in 
Appendix H. The interior wells in June did not have any alkalinity , so instead of the 
toxic metals complexing with carbonate and bicarbonate, they complexed with sulfate. 
These wells were also highly acidic and the dominant form of the toxic metals was in the 
free ionic state, except for lead which was split roughly in half between its free ionic state 
and complexed with sulfate . The most obvious difference between the ground water 
from the perimeter and interior wells was the oxidation state of As and Fe. The oxidation 
state of As in the perimeter wells was As(5) , while in the interior wells it was As(3). The 
oxidation state of Fe in the perimeter wells was Fe(3) , and it was Fe(2) in the interior 
wells . The metals that were predominantly in their free ionic state in the perimeter wells 
were Cd, Mn and Zn. Except for As, which was in the form of As(5) with H2As0 4- > 
HAs0 4-2 except in W-1 and \V-9, Cu and Pb were predominantly complexed with 
carbonate . Fe in the interior wells was predominantly in the ferrous free ionic state with 
the remaining being complexed with sulfate. Fe in the perimeter wells was in the ferric 
state and it was always complexed with hydroxide. 
In October Cu was completely in the form of Cu(2) and complexed with 
carbonate, and As was in the form of As(5) with HAs0 4-2 > H2As0 4-, except in W-8. The 
dominant form of Cd and Zn was in the free ionic state , but the secondary form in the 
only interior well (W-8) is a sulfate complex, while the secondary form in the perimeter 
wells is a carbonate or bicarbonate complex. Additionally, the dominant form of Cu is in 
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its free ionic state in W-8 and is complexed with carbonate in the perimeter wells . 
Finally, Cd, Mn, and Zn are predominantly in their free ionic state, and Pb is 
predominately complexed with carbonate. 
Retention of toxic metals in the tailings is controlled by precipitation of phases 
that contain the toxic metals and sorption of the toxic metals to HFO or organic matter 
within the tailings . Since only filtered well water samples were collected, there cannot be 
any comparison of total versus dissolved metals in the tailings, as was done with the 
surface water, so detennination of the toxic metals that are transported as solids cannot be 
confim1ed. As a result, the only way to detem1ine if toxic metals are being sorbed is by 
performing surface complex calculations. The results of the surface complexation 
calculations performed by PHREEQC are presented in Appendix I for the well water 
samples collected in June and October. The results suggests that in June there is little to 
no sorption of toxic metals to HFO in the well water samples collected from the interior 
wells, which is where the center of the contaminant plume is thought to be located. This 
makes sense, since those wells were quite acidic and were not supersaturated with any 
HFO phases, so if there was any HFO it was being dissolved, thereby limiting the surface 
area for toxic metals to sorb to. Additionally, the speciation calculations indicate that the 
toxic metals travel as free ions, so together these suggest that the toxic metals in the 
ground water at the toe of the tailings are not being retained and are very mobile and free 
to travel in the direction of the hydraulic gradient and mix with the North Fork of the 
American Fork River. 
For the June perimeter well water samples, the surface complex calculation results 
suggest that there may be sorption of As, Cu, Pb, and Zn. The strong HFO binding sites 
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are almost entirely occupied by Cu, Pb, and Zn, which follow the order Pb > Zn > Cu. 
The weak binding sites are occupied by a greater variety of species, so the portion of sites 
that are occupied by toxic metals is less than 40%. The toxic metals that are sorbed to the 
weak HFO sites are Cu, Pb, Zn and numerous species of As. 
In October after the pH increased, sorption became significant in the interior 
portion of the tailings, which is illustrated by the change in toxic metal sorption in W-8. 
In June, toxic metal sorption was almost nonexistent in the interior portion of the tailings, 
but in October almost all of the HFO strong sites were occupied by toxic metals and 
nearly 45% of the weak HFO sites were occupied by toxic metals . For all of the wells in 
October , nearly all of the HFO strong sites are again occupied by Cu, Pb, and Zn, and 
follow the trend Pb > Zn > Cu. There was an increase in the portion of HFO weak sites 
that are occupied by toxic metals in October , with every well sample having greater than 
40% . The greatest portion of HFO weak sites occupied by toxic metals was in W-2, 
which was near 70%. The toxic metals that are being sorbed to HFO weak sites are Cu, 
Pb, Zn, and several As species. Pb occupies the least number of sites. 
In summary, the chemical processes operating in the tailings of the Pacific Mine 
site are directly related to the generation of the acidic ground water plume. Due to the 
high concentrations of Fe and S0 4 in the toe of the tailings, acid production is probably 
caused by oxidation of pyrite in that portion of the tailings . Acid probably starts being 
generated during the spring run-off when the water table rises in the tailings , and 
eventually makes a plume that extends from the tailings to the North Fork of the 
American Fork River in the spring and early summer. Therefore, the acidic ground water 
will dissolve mineral phases within the plume, the most important being HFO, which 
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increases the concentration of dissolved constituents, including toxic metals. Acidic 
conditions increase the mobility of toxic metals because toxic metal sorption to HFO is 
very small and the metals travel in the free ionic state. The disappearance of the acidic 
plume occurs later in the summer when the water table drops below the tailings. The 
increase in pH may lead to precipitation of numerous mineral phases, including HFO 
phases, clay mineral phases and toxic metal phases. The precipitation of HFO may then 
lead to sorption of the toxic metals Cu, Pb, Zn, and possibly As. The dramatic increase in 
pH in the interior wells in June suggests that there may be some important difference in 
the composition of the tailings in that area. 
Metals Loading Rates 
The metals loading rates and net flux for each metal at each surface water sample 
site is presented in Table E.l, Appendix E, for each month of the study period. For the 
metals with positive dissolved net flux values, the percentages, relative to NFAF-L, 
contributed by the ground water, the tributaries and NF AF-U are presented in Table 5. In 
June, the North Fork was losing 11 % of its discharge to the ground water reservoir , but 
there was a small positive dissolved net flux for the metals Cd, Fe, Mn, Pb, and Zn. 
However , the net flux for total metals was negative for all of the metals, because of 
removal of suspended solids, and the total net flux was significantly greater than the 
dissolved net flux. It is interesting that there was a positive net flux for most of the 
dissolved metals , even though the net flux was quite small, because the North Fork was a 
losing stream , so the source of these dissolved metals is unclear. They could either come 
from the ground water or they could come from desorption reactions that occur during 
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Table 5. Percentages for dissolved metals, relative to NFAF-L, from ground water 
(GW), tributaries (Trib), and NFAF-U. 
6/13/2002 GW flux% Trib flux% % NFAF-U 
Cd 5% 55% 41% 
Fe 18% 5% 76% 
Mn 4% 13% 82% 
Pb 19% 11% 71% 
Zn 24% 59% 17% 
7/10/2002 
As 48% 8% 44% 
Cd 58% 22% 19% 
Cu 77% 5% 18% 
Fe 59% 9% 32% 
Mn 62% 11% 26% 
Pb 54% 6% 40% 
Zn 61% 31% 7% 
8/19/2002 
As 30% 9% 61% 
Cd 32% 22% 46% 
Cu 40% 4% 56% 
Fe 56% 10% 34% 
Mn 43% 20% 38% 
Pb 23% 8% 68% 
Zn 40% 29% 31% 
9/14/2002 
Cu 46% 9% 45% 
Fe 33% 15% 53% 
Mn 9% 34% 57% 
10/15/2002 
As 34% 12% 54% 
Cu 61% 13% 26% 
Fe 67% 12% 21% 
Mn 52% 18% 31% 
Pb 27% 28% 45% 
transport of suspended solids. However, the small positive net fluxes for Cd, Mn and Pb 
could simply be due to uncertainties in discharge measurements and/or chemical 
analyses. 
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Given that there was an acidic ground water plume in June that was mixing 
with the North Fork, the positive dissolved net flux for Fe and Zn suggests that even 
though the North Fork was a losing stream, these two metals were entering the river from 
the ground water. The negative total metal net flux suggests that the North Fork was 
losing much of the metals in its suspended load that were being added by the tributaries; 
however, these metals were being deposited on the stream bed sorbed to iron-hydroxides. 
The amount of metals that were being deposited can be quite large, especially for the 
metals with the greatest loading rates, 502 kg/day and 26.3 kg/day of Zn and Fe, 
respectively, were being lost from the suspended load in the North Fork. Visual 
confirmation of the deposited iron-hydroxides was not performed, since samples were 
only collected from the top and bottom of that reach of the North Fork. However, the 
iron-hydroxides were probably being deposited in the pools above NF AF-Land below 
NFAF-U. 
One of the most striking features of the loading rates, in comparison with the 
metals concentrations (Table C.1, Appendix C), is that while the tributaries had high 
concentrations of metals they had low loading rates. For example, in June R-5 had very 
high concentrations for As, Fe, and Pb, but the loading rates for these metals in R-5 were 
very small to negligible compared to that of the North Fork or the total metal net flux. 
Of the five metals with positive net fluxes in June (Cd, Fe, Mn, Pb, and Zn), the 
source of those metals appears to be dominantly from the tributaries or was already in the 
river at NF AF-U (Table 5). The metal that had the greatest proportion from ground water 
was Zn at 24%. The source for Cd and Zn appears to be mainly from the tributaries, and 
for Fe, Mn, and Pb the load was already in the river at NFAF-U. 
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In July, which was when the North Fork had its greatest contribution of flow 
from ground water, it had positive net flux rates for all of the dissolved metals in the 
order Zn>>Fe>Mn>>Pb>Cu>Cd>As (Table E.l, Appendix E), all of which are assumed 
to come from ground water. Zn had the highest dissolved loading rate of2.14 kg/day, but 
the total Zn loading rate was still negative and much greater at 45.3 kg/day. Of the seven 
toxic metals of interest to this study, only As and Pb had positive values for the total 
metals net flux ; the other five metals all had negative values. Although, this seems to 
suggest that the ground water is adding enough dissolved As and Pb to increase the total 
As and Pb in the river, the positive total metal net flux values for As and Pb are quite 
small and could simply be due to uncertainties in discharge measurements and/or 
chemical analyses. The ground water definitely has a lower pH than the North Fork, so 
when mixing of ground water and the North Fork occurs there is an increase in the pH of 
the ground water , which favors the formation of metal complexes and changes the 
distribution of metals in the dissolved state versus the suspended solid state. When 
dissolved metals enter the river from the ground water , which is probably still quite 
acidic in July , a portion of those dissolved metals may form complexes and change to a 
suspended solid state, which may increase the suspended solid load and therefore the total 
load in the river. The only other explanation for the positive total metal net flux for As 
and Pb would be that suspended metals are being added to the North Fork from the 
ground water, but it is assumed that the ground water only contributes dissolved metals to 
the North Fork, or the possibility of re-mobilization of suspended Pb from the stream bed. 
A positive dissolved net flux and a negative total net flux, like that for Cd, Cu, Fe, Mn, 
and Zn, suggest that while the total metal loads in the river are decreasing through the 
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study section, there is an increase in the dissolved loads that is assumed to come from 
the ground water. 
In July, overall the dissolved load for all metals in the North Fork is increasing, 
but it is losing its total load for Cd, Fe, Mn, and Zn. This suggests that even though the 
ground water is contributing dissolved metals to the North Fork, it is still losing metals 
from its suspended load. However, of the dissolved load at NF AF-L in July, the ground 
water contribution is significantly greater than that from the tributaries or NFAF-U. The 
tributary dissolved load contribution was generally less than the load from NFAF-U, 
except for Cd and Zn where the tributary load was greater (Table 5). 
Like July , the North Fork was a gaining stream in August and had positive 
dissolved net flux rates for all of the metals in the same order as July ; 
Zn>>Fe>>Mn>Pb>Cu>Cd>As (Table E.l, Appendix E). Arsenic, Mn, and Pb all have 
positive dissolved and total net flux rates, but the magnitude of the total metal net flux is 
less than the dissolved net flux, which indicates that suspended metals are being removed 
but at a slower rate than dissolved metals are being added from the ground water. The 
total metal net flux rates remained negative for Cd, Cu, Fe, and Zn. The relative 
dissolved net flux rates were lower in August than in July, and the majority of the 
dissolved load at NFAF-L was already in the river at NFAF-U (Table 5). Fe, Mn, and Zn 
were the only metals that had greater ground water contributions compared to NFAF-U. 
The tributary contribution was less than 30% for all metals. 
The North Fork changed its flow regime in September, in that it changed to a 
losing stream . There were still small positive dissolved net flux rates for Cu, Fe, and Mn, 
which again suggests that even though the North Fork is a losing stream it may still be 
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gaining a small amount of dissolved metals from the ground water. Once again, the 
total metal net flux rates were all negative , indicating that the total metal load is 
decreasing through the study section, especially for Fe and Zn. Of the dissolved load at 
NFAF-L, the majority of the metals were already part of the load at NFAF-U. Only Cu 
had a relatively large ground water contribution to the dissolved load at NF AF-L, but this 
was nearly equal to that from NFAF-U (Table 5). 
The North Fork returned to a gaining stream in October, and all the dissolved 
metals, except Cd and Zn, had positive net flux rates, although the rates for As, Cu and 
Pb were quite small. Compared to the dissolved load at NFAF-L , the only metals that 
had a significant ground water contribution were Fe and Mn (Table 5). The total metal 
flux rates were all negative, except for Mn, which illustrates that overall the total metal 
loads in the No1th Fork were decreasing even though there were dissolved metals being 
added from ground water. 
Figures 30 and 31 illustrate how the dissolved and total net flux rates changed 
throughout the study period. Figure 30 presents the dissolved load summary. The metals 
with the greatest net flux rates are Fe and Zn. Both of these metals had peak dissolved 
net flux rates in June, when the North Fork was a losing stream. However, they still had 
greater net flux rates than the other metals in July, which is when the other metals had 
their peak net flux rates. Iron and Mn were the only metals to have positive dissolved net 
flux rates throughout the entire study period. The change in flow regime for the North 
Fork in September is illustrated by the clear drop in dissolved flux rates. 
The dissolved net flux rates are quite small in comparison to the total metal net 
flux rates , which were generally negative indicating that the total metal load generally 
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decreases in the reach of the North Fork studied. Cadmium, Cu, Fe, and Zn had 
negative total metal net flux rates for the entire study period, and the Fe and Zn loading 
rates were significantly larger than the other metals , with Zn being much larger than Fe 
(Figure 31 ). However, the only months that had metals with positive total metal net flux 
rates were in July, August, and October, the months when the North Fork was a gaining 
stream. As and Pb had positive total metal net flux rates in July and August, while Mn 
had them in August and October. 
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Figure 30. Dissolved load net flux summary, values have units of mg/sec. Bottom graph 
is missing June loading rate for Fe . 
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary 
The chemistry and hydrology of the North Fork of the American Fork River , its 
tributaries and the ground water in the vicinity of the Pacific Mine site were investigated 
in order to determine what impact ground water entering the North Fork has on toxic 
metal loads in the river. The flows of the North Fork and the surface water tributaries 
within the study area were measured to determine when the North Fork was a losing or a 
gaining stream. Filtered and unfiltered water samples were collected and analyzed from 
the North Fork and its tributaries , and filtered water samples were collected and analyzed 
from wells within the tailings at the Pacific Mine. Hydrologic measurements, chemical 
data and surface water samples were collected during five field data acquisition periods 
throughout the summer and fall of 2002. Filtered well water samples were collected 
twice, once at the beginning of the study and once more at the end of the study. Total 
and dissolved toxic metal loading rates for the North Fork and its tributaries were 
calculated from the surface water flow measurements and toxic metal concentrations 
from the water samples. Mass balance calculations were performed on the loading rates 
to determine what the input and output of toxic metals are in the North Fork from the 
tributaries and from the ground water. The metals associated with suspended solids were 
calculated from the total and dissolved metal concentrations in the surface water samples. 
Sediment samples were collected from the tailings to determine the dominant mineralogy 
of the tailings. Chemical modeling was performed on the surface and well water samples 
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to speculate about the possible chemical reactions that may be occuning in the 
surface and ground waters at the Pacific Mine site. 
The highest flows of the study period in the North Fork and its tributaries were 
recorded in June, which was when the North Fork was a losing stream. The flow in the 
North Fork dropped significantly in July. One of the tributaries that flowed over the 
tailings and into the North Fork dried up. Most importantly, the North Fork changed to a 
gaining stream, and the ground water made its greatest contribution to flow during the 
study period in that month. In August, the flow in the North Fork continued to decline 
and another tributary dried up. The North Fork remained a gaining stream, but the 
ground water contribution was much less. The North Fork changed to a losing stream in 
September, but then it changed back to a gaining stream in October (Table 1). 
The magnitude and direction of the hydraulic gradient of the ground water that 
flows through the tailings at the Pacific Mine remained constant at 0.04 and south-
southeast, respectively , throughout the study period (Figures 15-19). This shows that 
ground water that flows through the mine site flows through the tailings before entering 
the North Fork . The hydraulic conductivity of the tailings and underlying alluvium have 
similar values, estimated to be I ft/day, indicating they are most likely hydraulically 
connected. The linear ground water flow velocity was calculated to be between 0.1 and 
0.16 ft/day, so that it would take between 13.7 and 8.6 years for ground water to flow 
along a 500 foot long flow path, which gives a conservative estimate for how long it will 
take before the ground water will be cleaned up by being flushed through the alluvium 
where the tailings were located. The actual time before significant reductions in toxic 
metals concentrations occur in the ground water entering the North Fork may be much 
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less, due to the shorter flow paths of ground water recharging from infiltration of 
precipitation at the toe end of the tailings. 
The surface waters that flow through the Pacific Mine site are neutral to slightly 
alkaline and are contaminated with As, Cd, Cu, Fe, Mn, Pb, and Zn. The tributaries 
typically have higher concentrations of these metals than the North Fork. There are 
visible amounts of Fe hydroxide precipitates, which coat the bed of the No1th Fork and 
the tributaries that flow over the tailings. Fe and Zn have the highest concentrations in 
the surface waters (Table C. l Appendix C). 
Chemical modeling using PHREEQC suggests that no precipitation/dissolution 
reactions of toxic metal mineral phases are controlling the concentrations of toxic metals 
in the surface water. The most important chemical reaction that is occuning in the 
surface water is the precipitation of ferrihydrite, which provides a charged surface for 
other toxic metals to sorb on to. Based on the total and dissolved metal concentrations, 
the metals that travel as suspended solids in the surface waters are Cu, Fe, Pb and Zn, 
whereas Cd and Mn travel as dissolved species (Table 4). Arsenic appears to travel as a 
suspended solid and in the dissolved state. PHREEQC modeling suggests that Fe reacts 
to form HFO, and As, Cu, Pb, and Zn then sorb to the HFO precipitate. 
The ground water within the tailings at the Pacific Mine site ranges in pH from 
neutral to very acidic. In June , there is an acidic ground water plume, located at the toe 
of the tailings, which has high toxic metal and sulfate concentrations (Table C.1, 
Appendix C). Modeling using PHREEQC indicates that within the acidic plume there are 
very few minerals with positive SI values, toxic metal sorption to HFO is insignificant, 
and metals are in the dissolved free ionic state. In October, the acidic plume has 
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disappeared , but there are still elevated concentrations of toxic metals in the ground 
water. PHREEQC indicates that there were numerous minerals with positive SI values, 
toxic metal sorption to HFO was significant, and toxic metals are generally complexed. 
The dominant mineralogy of the tailings is quartz with minor amounts of illite and 
kaolinite. 
The metals loading rates indicate that the total metal loads in the North Fork 
generally decrease as it flows through the Pacific Mine site, but that the dissolved load 
increases during certain periods. The total metal net fluxes for Cd, Cu, Fe, and Zn were 
negative during every month of the study period. The magnitudes of the total net fluxes 
for Fe and Zn were significantly greater than any other metal, and the total net flux for Zn 
was significantly greater than Fe. Influx of dissolved metals from the ground water 
dominantly occurs when the North Fork is a gaining stream , which in 2002 was greatest 
in July . For As, Mn, and Pb, dissolved metal loading was significant enough to increase 
the total load in the North Fork, which only occurred when the North Fork was a gaining 
stream, except for As and Pb in July when the dissolved net fluxes were less than the total 
net fluxes. There were small contributions of dissolved metals in June and September , 
when the North Fork was a losing stream. 
Conclusions 
Toxic metal contamination of the North Fork of the American Fork River from 
the Pacific Mine site is directly related to the presence of the tailings . Ground water that 
flows through the mine site flows directly through the tailings before entering the North 
Fork, and reacts in a manner that produces an acidic ground water plume that has high 
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concentrations of toxic metals . The most acidic and highest toxic metal 
concentrations are at the toe of the tailings , where there may be a difference in 
composition from the rest of the tailings. Based on the high concentrations of Fe and SO4 
in the toe portion of the tailings, the generation of acid is probably caused by the 
oxidation of pyrite. 
The contribution of dissolved metals in the North Fork is greater from the ground 
water that flows through the tailings than that from the tributaries that flow over the 
tailings. Toxic metals loading of the North Fork from ground water is associated with 
generation of acid within the tailings , which occurs at the toe of the tailings when ground 
water is in contact with that part of the tailing s. The acid probably starts being produced 
during the spring run-off and continues until the water table has dropped below the 
tailings. Acidic conditions within the tailings dissolve mineral phases , the most 
important being HFO, which increases the concentration and mobility of toxic metals 
within the plum e. After the water table drops below the tailings, acid production ceases 
and the ground water pH increases , which typically decreases mineral solubility and toxic 
metal mobility . Precipitation of mineral phases decreases the concentration of dissolved 
constituents and sorption of toxic metals to HFO becomes more significant as pH rises. 
Mixing of ground water with the North Fork does increase the dissolved metal 
loads within the river for some metals at certain times . Contamination of the ground 
water is so great that there are dissolved metals being added to the North Fork even when 
it is a losing stream. Dissolved metal loading is greatest when the North Fork is a 
gaining stream and when there are still acidic ground water conditions in the tailings. 
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Dissolved metal loading can be significant enough to increase the total load in the 
river for some metals with relatively low concentrations and flux rates. 
Dissolved toxic metal loading rates in the North Fork from ground water were 
highest in July, which was when the North Fork was a gaining stream and acidic 
conditions probably still existed in the tailings , and decreased in August , when the North 
Fork gained much less ground water, and in September , when it changed to a losing 
stream . However, loading rates increased in October when the North Fork became a 
gaining stream, again , but they were significantly lower than July or August. The pH of 
the ground water in October, was high enough to favor mineral precipitation, metal 
complexation and toxic metal sorption to HFO , but there was still a slight positi ve 
dissolved metal loading rate , suggesting that the toxic metal HFO sorption reactions are 
not significant enough to entirely stop the influx of metals in the North Fork of the 
American Fork River. 
Because Fe and Zn have such high concentrations in the surface and ground 
waters at the Pacific Mine site, the fate and transport of these two metals are of primary 
concern in this system . Of the numerous chemical reactions that affect the mobility of 
toxic metals in the surface and ground waters that flow through the Pacific Mine site, the 
most important is the precipitation ofHFO. Precipitation reactions are of secondary 
importance for the other toxic metals of interest to this study. HFO sorption reactions 
have the greatest effect on toxic metal attenuation in the water bodies at the Pacific Mine 
site, with Zn being the most important due to its high concentrations. Based on total and 
dissolved concentration data, the toxic metals that are associated with suspended solids 
are Cu, Pb, and most importantly Fe and Zn, and the toxic metals that are dissolved are 
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Cd and Mn (Table 4). Arsenic seems to both be associated with suspended solids and 
travel in the dissolved state , depending on the particular tributary and the time of year. 
However, based on PHREEQC results , the toxic metals that sorb to HFO are Cu, Pb and 
most importantly Zn, and to a lesser degree As (Appendix I), which would be expected 
since these are the metals associated with suspended solids. The total load for Fe and Zn 
decreased in every month of the study period in the reach of the North Fork studied, 
suggesting there is significant deposition of HFO and its associated toxic metals on the 
stream bed . 
The process by which toxic metals are accumulating in the macroinvertebrates 
and fish were not investigated here, but deposition of toxic metals on the stream bed 
seems to be the most reasonable source of toxic metals in the food chain. Fish consume 
macroinvertebrates which generally live on the stream bed in the interstitial spaces 
between rocks and cobbles . Deposition of toxic metal-enriched material on the stream 
bed places the macroinvertebrates in contact with the toxic metals where the toxic metals 
may become bio-available. The route in which toxic metals enter macroinvertebrates 
could be through consumption or diffusion. Organic matter is an effective toxic metal 
sorption surface that could be food for macroinvertebrates . Additionally, the interstitial 
spaces in the stream bed, where macroinvertebrates live, probably have higher 
concentrations of toxic metals than in the water column making diffusion more effective. 
Recommendations 
The Uinta National Forest removed the tailings at the Pacific Mine site during the 
summer and fall of 2003, and one of the objectives of this study was to determine if this 
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would be a worthwhile effo11. Based on what has been learned about the 
contamination at the Pacific Mine , I think it was worth the expense. However , removal 
of the toe po11ion of the tailings , where the acid seemed to be generated , may have had 
the same effect as removing the entire tailings and been more cost effective. Now that 
the tailings are gone, the direct source of ground water contamination has been removed 
and the concentration s of toxic metals in the tributaries that flow through the mine site 
should be reduced as well. Although the total metal loads generally decrease through the 
reach of the North Fork studied, removal of the tailings probably has removed the 
additional dissolved toxic metals that were entering the North Fork from the ground 
water flowing through the Pacific Mine site. 
Had the tailings not been removed, it would have been interesting to investigate 
the composition of the tailings and see if there was a difference in composition at the toe , 
which appeared to be producing the acidic ground water plume. Now that the tailings are 
gone , it should be determined if the water quality of the North Fork in the vicinity of the 
Pacific Mine has improved. A similar study to this one could be conducted in which 
toxic metal loading rates are calculated , and a comparison could be made of the toxic 
metal concentrations and loads in the North Fork and its tributaries to determine if there 
has been a reduction. Additionally , analysis of the mineral coating on the cobbles in the 
stream bed of the North Fork adjacent to the Pacific Mine could be performed to help 
determine if there are any precipitation reactions involving toxic metals , other than 
precipitation of HFO, which may be attenuating toxic metals. Also, a study where the 
partitioning of toxic metals in the biota in the North Fork should be performed because 
accumulation of toxic metals in fish poses the greatest threat to human health in this area. 
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Table A.1. Discharge information and results. 
6/12/2002 NFAF-U 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow ( cfs) 
0.40 0.00 0.00 0.10 0.00 
1.40 0.20 0.00 0.50 0.55 
3.40 0.30 2.20 1.20 4.86 
5.40 0.90 5.90 1.50 13.05 
7.40 0.60 11.50 1.10 12.49 
9.40 0.50 11.20 1.10 12.16 
11.40 0.60 10.90 1.35 14.65 
13.40 0.75 10.80 1.35 8.91 
15.40 0.60 2.40 0.45 1.10 
16.30 0.40 2.50 0.20 0.25 
17.30 0.00 0.00 
8.85 Cross sectional area (sq. ft) 
68.01 Total discharge ( cf s) 
6/ 12/2002 NFAF-L 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow ( cfs) 
1.70 0.00 0.00 0.23 0.51 
2.70 0.45 4.50 1.20 6.60 
4.70 0.75 6.50 1.55 10.31 
6.70 0.80 6.80 1.75 11.64 
8.70 0.95 6.50 1.90 11.78 
10.70 0.95 5.90 1.80 10.80 
12.70 0.85 6.10 1.45 8.56 
14.70 0.60 5.70 0.48 2.64 
15.70 0.35 5.40 0.36 1.41 
16.80 0.30 2.50 0.03 0.04 
17.00 0.00 0.00 
10.74 Cross sectional area (sq. ft) 
64.27 Total discharge (cfs) 
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Table A.1. Discharge infom1ation and results --- Continued. 
6/ 12/2002 L-1 6/ 12/2002 R-2 
Volumetric method 
Time to fill 5-gal bucket (sec) 
1.80 
2.03 
1.80 
2.02 
2.00 
1.90 
Volumetric method 
Time to fill 5-gal bucket (sec) 
Channel 1 
2.07 
2.16 
2.34 
2.40 
2.30 
2.25 
2.22 
Channel 2 
4.32 
4.28 
4.15 
4.15 
3.94 
4 .17 Average time (sec) 
1.20 Channel discharge (gps) 
1.93 Average time (sec) 
2.60 Total discharge (gps) 
0.35 Total discharge (cfs) 3.42 Total discharge (gps) 
0.46 Total discharge (cfs) 
6/ 12/2002 R-1 
Current meter and wading rod method 
Distance (ft) 
1.00 
2.00 
2.60 
3.20 
Depth (ft) 
0.40 
0.40 
0.25 
0.00 
Velocity 
(ft/sec) 
2.40 
4.00 
2.60 
0.00 
0.67 Cross sectional area (sq. ft) 
2.02 Total discharge (cfs) 
6/ 12/2002 R-3 
Current meter and wading rod method 
Velocity 
(ft/sec) Distance (ft) Depth (ft) 
1.10 0.00 0.00 
1.60 0.45 3.70 
2.40 0.00 0.00 
0.29 Cross sectional area (sq. ft) 
0.54 Total discharge (cfs) 
Segment area (sq. ft) Segment flow (cfa) 
0.40 1.28 
0.20 
0.08 
0.64 
0.10 
Segment area (sq. ft) Segment flow (cfs) 
0.11 0.21 
0.18 0.33 
Table A.1. Discharge information and results --- Continued. 
6/12/2002 R-4 6/12/2002 R-5 
Volumetric method 
Time to fill 5-gal bucket (sec) 
8.62 
7.79 
8.64 
8.11 
7.46 
8.16 
7.67 
7.13 
7.24 
7.87 Average time (sec) 
0.64 Total discharge (gps) 
0.08 Total discharge ( cfs) 
7/ 10/2002 NFAF-L 
Volumetric method 
Time to fill 2-L bucket (sec) 
14.16 
13.22 
15.82 
14.29 
15.02 
12.03 
14.18 
14.39 
12.34 
12.15 
13.76 Average time (sec) 
0.15 Total discharge (Lps) 
0.01 Total discharge (cfs) 
Current meter and wading rod method 
Distance Depth (ft) Velocity Segment area (ft) (ft/sec) (sq. ft) 
2.30 0.00 0.00 0.13 
3.20 0.28 1.27 0.86 
5.40 0.50 2.96 1.50 
8.00 0.65 2.13 0.92 
9.60 0.50 1.92 0.60 
10.80 0.50 1.35 0.76 
12.70 0.30 1.92 0.28 
13.50 0.40 0.98 0.40 
15.50 0.00 0.00 
5.44 Cross sectional area (sq. ft) 
10.39 Total discharge ( cfs) 
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Segment flow 
(cfs) 
0.08 
1.81 
3.80 
1.86 
0.98 
1.24 
0.41 
0.20 
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Table A.1. Discharge information and results --- Continued. 
7/10/2002 NFAF-U 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow ( cfs) 
0.00 0.00 0.00 0.34 0.04 
1.70 0.40 0.22 1.05 0.81 
3.70 0.65 1.33 1.23 1.39 
5.40 0.80 0.92 1.09 0.96 
6.90 0.65 0.85 0.90 0.63 
8.40 0.55 0.56 0.67 0.68 
9.80 0.40 1.48 0.48 0.60 
11.00 0.40 1.00 0.22 0.11 
12.10 0.00 0.00 
5.98 Cross sectional area (sq. ft) 
5.22 Total discharge (cfs) 
7/10/2002 L-1 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow ( cfs) 
1.70 0.00 0.00 0.08 0.07 
2.80 0.15 1.71 0.07 0.06 
3.70 0.00 0.00 
0.15 Cross sectional area (sq. ft) 
0.13 Total discharge ( cf s) 
7/ 10/2002 R-1 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow ( cfs) 
0.80 0.00 0.00 0.03 0.01 
1.00 0.30 0.67 0.22 0.22 
1.80 0.25 1.33 0.22 0.16 
2.60 0.30 0.10 0.05 0.00 
2.90 0.00 0.00 
0.52 Cross sectional area (sq. ft) 
0.39 Total discharge (cfs) 
Table A.1. Discharge information and results --- Continued. 
7/ 10/2002 R-4 7/ 10/2002 R-2 
Volumetric method Volumetric method 
Time to fill 2-L bucket (sec) Time to fill 2-L bucket (sec) 
5.19 1.87 
5.53 
5.05 
4.98 
5.40 
5.50 
5.66 
6.00 
5.95 
5.85 
1.79 
1.93 
2.03 
1.83 
5.51 Average time (sec) 
0.36 Total discharge (Lps) 
0.01 Total discharge ( cfs) 
7/10/2002 R-3 
Current meter and wading rod method 
1.89 Average time (sec) 
1.06 Total discharge (Lps) 
0.04 Total discharge (cfs) 
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Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow (cfs) 
0.60 0.00 0.00 0.10 0.06 
1.10 
1.70 
0.40 
0.00 
1.17 
0.00 
0.22 Cross sectional area (sq. ft) 
0.13 Total discharge (cfs) 
8/19/2002 NFAF-L 
Current meter and wading rod method 
0.12 0.07 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow (cfs) 
1.00 0.00 0.00 0.09 0.02 
1.70 
3.00 
3.90 
5.90 
7.80 
9.60 
10.70 
12.70 
4.01 
4.20 
0.25 0.57 
0.45 0.53 
0.50 1.59 
0.50 1.85 
0.40 0.42 
0.30 1.07 
0.25 0.56 
0.00 0.00 
Cross sectional area (sq. ft) 
Total discharge ( cfs) 
0.46 
0.43 
1.00 
0.86 
0.63 
0.30 
0.25 
0.25 
0.45 
1.72 
0.97 
0.47 
0.25 
0.07 
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Table A.1. Discharge infonnation and results --- Continued. 
8/19/2002 NFAF-U 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow (cfs) 
0.70 0.00 0.00 0.30 0.08 
2.70 0.30 0.54 
4.20 0.50 1.36 
5.60 0.70 1.04 
7.00 0.50 0.77 
7.90 0.35 0.99 
9.00 0.20 0.44 
10.10 0.00 0.00 
3.38 Cross sectional area (sq. ft) 
3.00 Total discharge (cfs) 
8/ 19/2002 R-1 
Current meter and wading rod method 
0.60 
0.84 
0.84 
0.38 
0.30 
0.11 
0.57 
1.01 
0.76 
0.34 
0.22 
0.02 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow (cfs) 
0.70 0.10 0.00 0.12 0.06 
1.50 
2.20 
0.20 
0.00 
1.03 
0.00 
0.19 Cross sectional area (sq. ft) 
0.10 Total discharge (cfs) 
8/ 19/2002 R-2 
Volumetric method 
Time to fill 2 liter bucket (sec) 
Channel 1 Channel 2 
5.29 2.87 
5.57 
5.50 
5.93 
5.53 
5.83 
5.91 
2.71 
2.49 
2.68 
2.49 
2.53 
0.07 0.04 
8/ 19/2002 L-1 
Volumetric method 
Time to fill 5-gal bucket (sec) 
3.70 
3.72 
3.85 
3.84 
3.77 
3.78 Average time (sec) 
1.32 Total discharge (gps) 
0.18 Total discharge (cfs) 
5.65 2.63 Average time (sec) 
0.35 0.76 Channel discharge (Lps) 
0.04 Total discharge (cfs) 
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Table A.1. Discharge information and results --- Continued. 
8/19/2002 R-3 
CmTent meter and wading rod method 
Distance (ft) Depth (ft) Velocit y (ft/sec) Segment area (sq . ft) Segment flow ( cfs) 
0.60 0.00 0.00 0.08 0.02 
1.10 0.30 0.58 0.11 0.03 
1.80 0.00 0.00 
0.18 Cross sectional area (sq. ft) 
0.05 Total discharge ( cfs) 
9/14/2002 NFAF-L 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow ( cfs) 
1.50 0.00 0.00 0.30 0.14 
3.00 0.40 0.90 0.59 0 . .59 
4.30 0.50 1.10 0.60 0.69 
5.50 0.50 1.20 0.72 0.75 
6.80 0.60 0.90 0.69 0.48 
8.00 0.55 0.50 0.59 0.35 
9.30 0.35 0.70 0.39 0.20 
10.50 0.30 0.30 0.23 0.12 
11.40 0.20 0.80 0.22 0.09 
13.60 0.00 0.00 
4.31 Cross sectional area (sq. ft) 
3.40 Total discharge ( cfs) 
9/ 14/2002 NFAF-U 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) Segment flow ( cfs) 
1.40 0.00 0.00 0.04 0.07 
1.80 0.20 3.25 0.22 0.85 
2.60 0.35 4.50 0.60 1.70 
4.30 0.35 1.20 0.35 0.46 
5.30 0.35 1.40 0.44 0.62 
6.40 0.45 1.40 0.33 0.29 
7.40 0.20 0.40 0.16 0.05 
8.20 0.20 0.20 0.44 0.29 
10.40 0.20 1.10 0.16 0.19 
11.20 0.20 1.25 0.12 0.08 
12.40 0.00 0.00 
2.85 Cross sectional area (sq. ft) 
4.57 Total discharge ( cf s) 
Table A.I. Discharge information and results --- Continued. 
9/14/2002 R-1 
Velocity-area tracer discharge method 
Channel dimensions 
Width (ft) 1.20 
Depth (ft) 0.15 
Time (sec) to go 6 feet 
4.34 
4.27 
4.78 
4.21 
4.57 
4.43 
1.35 
Distance (ft) 
0.40 
0.80 
1.20 
0.10 
0.14 
9/ 14/2002 
Average time (sec) 
Average velocit y (ft/sec) 
Depth (ft) Velocit y (ft/sec) 
0.10 1.35 
0.15 1.35 
0.10 1.35 
Cross sectional area (sq. ft) 
Total discharge ( cfs) 
L-1 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) 
0.50 0.15 0.80 
2.20 0.00 0.00 
0.13 Cross sectional area (sq. ft) 
0.10 Total discharge ( cf s) 
9/ 14/2002 R-3 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) 
0.00 0.20 0.70 
0.25 0.20 0.70 
0.50 0.20 0.70 
0.10 Cross sectional area (sq. ft) 
0.07 Total discharge (cfs) 
Segment area (sq. ft) 
0.05 
0.05 
Segment area (sq. ft) 
0.13 
Segment area (sq. ft) 
0.05 
0.05 
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Segment flow ( cfs) 
0.07 
0.07 
Segment flow ( cfs) 
0.10 
Segment flow ( cfs) 
0.04 
0.04 
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Table A.1. Discharge information and results --- Continued. 
9/14/2002 R-2 10/ 15/2002 L-1 
Volumetric method 
Time to fill 2-L bucket (sec) 
Channel l Channel 2 
2.51 1.51 
2.39 1.80 
2.13 
2.36 
2.30 
2.22 
1.53 
1.39 
1.50 
1.37 
1.53 
1.51 
Volumetric method 
Time to fill 5-gal bucket (sec) 
3.91 
3.52 
3.66 
3.57 
3.66 
3.56 
3.65 Average time (sec) 
1.37 Total discharge (gps) 
0.18 Total discharge (cfs) 
2.32 1.52 Average time (sec) 
0.86 1.32 Channel discharge (Lps) 
2.18 Total discharge(Lps) 
0.08 Total discharg e (cfs) 
10/ 15/2002 NFAF-L 
Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) 
1.40 0.00 0.00 
2.00 0.25 0.60 
3.40 0.40 0.45 
4.20 0.55 1.50 
5.60 0.45 1.80 
6.30 0.50 1.75 
7.50 0.50 1.30 
8.90 0.45 0.10 
10.00 0.40 1.30 
11.30 0.25 1.15 
12.90 0.00 0.00 
4.30 Cross sectional area (sq. ft) 
4.72 Total discharge ( cf s) 
Segment area (sq. ft) 
0.08 
0.46 
0.38 
0.70 
0.33 
0.60 
0.67 
0.47 
0.42 
0.20 
Segment flow ( cfs) 
0.02 
0.24 
0.37 
1.16 
0.59 
0.92 
0.47 
0.33 
0.52 
0.12 
Table A.1. Discharge information and results --- Continued. 
10/15/2002 NFAF-U Current meter and wading rod method 
Distance (ft) Depth (ft) Velocity (ft/sec) Segment area (sq. ft) 
2.60 0.00 0.00 0.23 
3.90 
5.50 
6.90 
8.70 
9.60 
10.70 
12.20 
13.40 
0.35 
0.45 
0.50 
0.45 
0.30 
0.20 
0.20 
0.00 
0.70 0.64 
1.60 0.67 
0.90 0.85 
0.50 0.34 
0.60 0.28 
1.20 0.30 
1.20 0.12 
0.00 
3.42 Cross sectional area (sq. ft) 
3.11 
10/ 15/2002 
Volumetric method 
Total discharge ( cfs) 
R-1 
Time to fill 2-L bucket (sec) 
2.31 
2.41 
2.39 
2.77 
2.84 
2.47 
2.45 
2.60 
2.34 
2.51 Average time (sec) 
0.80 Total discharge (Lps) 
0.03 Total discharge ( cfs) 
10/ 15/2002 R-3 
Volumetric method 
Time to fill 2-L bucket (sec) 
3.54 
3.41 
3.77 
10/15/2002 R-2 
Volumetric method 
Time to fill 5-gal bucket (sec) 
2.64 
2.70 
2.86 
2.83 
2.72 
3.03 
3.16 
3.19 
3.11 
2.92 Average time (sec) 
1. 71 Total discharge (gps) 
0.23 Total discharge (cfs) 
3.78 
3.69 
3.76 
3.95 
3.61 
3.69 Average time (sec) 
0.54 Total discharge (Lps) 
0.02 Total discharge (cfs) 
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Segment flow ( cfs) 
0.08 
0.74 
0.83 
0.60 
0.19 
0.25 
0.36 
0.07 
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APPENDIX B. Raw Hydrochemical Results 
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Table B.1. ICP-MS, soils lab and averaged results for As, Cd, Cu, Fe Mn, Pb and Zn, in 
parts per billion, for filtered ( d-dissolved concentration) and unfiltered (t-total 
concentration) water samples; < indicates parameter result was under the given detection 
limit, -- indicates parameter result was inaccurate. 
6/ 13/2002 d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
NFAF-L 0.37 0.66 2.16 11.23 1.21 
0.56 0.41 2.38 37.77 11.12 0.70 53.67 
soils lab <20 <20 <50 <50 <20 <50 70.00 
average 0.47 0.54 2.27 37.77 I 1.18 0.96 61.84 
NFAF-U 0.30 0.31 3.27 8.26 0.94 
0.65 0.10 3.32 27.25 9.11 0.50 10.19 
soils lab <20 <20 <50 <50 <20 <50 <50 
average 0.48 0.21 3.30 27.25 8.69 0.72 10.19 
L-1 1.23 0.22 I.II 22.36 0.83 
1.55 1.15 31.83 23.78 0.30 10.91 
soils lab <20 <20 <50 <50 22.00 <50 <50 
average 1.39 0.22 1.13 31.83 22.71 0.57 10.91 
R-1 0.55 4.79 2.18 34.45 0.77 
0.83 5.03 2.25 35.30 29.99 0.29 
1.58 4.68 3.19 38.82 31.44 0.89 601.80 
soils lab <20 <20 <50 <50 35.70 <50 628.10 
average 0.99 4.83 2.54 37.06 32.90 0.65 614.95 
R-2 0.39 5.80 2.15 24.51 1.56 
0.65 5.55 2. 10 48.14 22.22 0.99 734.00 
soils lab <20 <20 <50 <50 24.00 <50 741.50 
average 0.52 5.68 2.13 48.14 23.58 1.28 737.75 
R-3 0.61 7.22 2.79 19.55 2.48 
1.28 6.85 2.89 38.10 17.03 1.90 856.00 
soils lab <20 <20 <50 <50 <20 <50 875.80 
average 0.95 7.04 2.84 38.10 18.29 2.19 865.90 
R-4 0.39 27.13 7.77 7.62 24.10 
1.05 26.81 7.93 29.20 2.87 23.71 
26.57 9.23 45.47 5.06 24.40 
5.17 21.79 10.09 54.27 21.94 2683.00 
soils lab <20 35.90 <50 <50 <20 <50 3446.00 
average 2.20 27.64 8.76 42.98 5.18 23.54 3064.50 
R-5 36.74 4 .26 6.16 68.00 
0.73 35.04 4.65 31.91 2.36 66.92 
26.15 2.79 59.34 49.34 2748.00 
soils lab <20 45.40 <50 <50 <20 72.00 3943.00 
average 0.73 35.83 3.90 45.63 4.26 64.07 3345.50 
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Table B.1. ICP-MS, soils lab and averaged results for As, Cd, Cu, Fe Mn, Pb and Zn, in 
parts per billion, for filtered ( d-dissolved concentration) and unfiltered (t-total 
concentration) water samples; < indicates parameter result was under the given detection 
limit, -- indicates parameter result was inaccurate --- Continued. 
6/13/2002 d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
W-1 1.77 16.83 2.82 14.30 38.15 
2.29 20.73 4.38 16.21 8.24 45.51 
2.68 20.60 4.18 37.12 14.68 45.82 
6.24 19.98 7.67 44.90 15.44 45.65 2489.00 
6.74 21.27 8.57 12.73 20.18 47.54 
soils lab <20 30.00 <50 <50 <20 50.50 2774.00 
average 3.94 21.57 5.52 27.74 14.57 45.53 2631.50 
W-2 2.26 17.63 3.88 45.78 81.10 
3.97 19.54 5.38 26.43 24.87 89.11 
4.98 18.61 5.05 43.08 43.93 88.70 
7.48 13.57 7.90 48 .75 35.02 63.71 1995.00 
8.28 20.08 10.28 32.33 53.40 89.85 
soils lab <20 28.40 <50 <50 55.80 91.70 2826.00 
average 5.39 19.64 6.50 37.65 43.13 84.03 2410.50 
W-3 3 12.55 222 .55 
390.45 818.50 699.00 235 .00 
437.60 764.00 687.00 26360.00 258 .20 9495.00 43430 .00 
soils lab <20 912 .80 827.60 36630.00 354.30 9836.00 47860.00 
average 380.20 831.77 737.87 31495.00 267.51 9665.50 45645.00 
W-4 9.72 35.31 9.88 16.26 70.55 
14.28 46 .80 14.66 43 .24 8.04 89.44 
13.84 46 .59 13.08 75.46 15.06 91.09 
40.74 51. 15 69.35 103.50 8045.00 
21.67 48.61 23.12 31.67 28. 19 93.77 
soils lab <20 61.20 <50 <50 23.30 99.20 8901.00 
average 20.05 48.28 15.19 54.93 18.17 91.26 8473.00 
W-5 
1247.00 1040.50 11425.00 554.00 5610.00 88500.00 
1099.00 1105.00 11860.00 272700.00 5469.00 86770.00 
1028.00 996 .90 500.80 5118.00 
1853.00 1116.00 11920.00 268700.00 5430.00 85760.00 
soils lab 790.50 749.10 10350.00 243100.00 338.00 3439.00 6 1270.00 
average 1203.50 1001.50 11388.75 261500.00 464.27 5013.20 80575.00 
W-6 47.96 197.00 
65.55 580.10 248.10 296.60 4036.00 
153.34 538.20 294.20 82220.00 311.80 3612.00 74220.00 
219.00 609.00 317.80 89980.00 384.60 4042.00 79060.00 
soils lab <20 667.80 299.10 114600.00 435.30 4068.00 83760.00 
average 121.46 598.78 271.24 95600.00 357.08 3939.50 79013.33 
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Table B.1. ICP-MS, soils lab and averaged results for As, Cd, Cu, Fe Mn, Pb and Zn, in 
parts per billion, for filtered ( d-dissolved concentration) and unfiltered (t-total 
concentration) water samples; < indicates parameter result was under the given detection 
limit , -- indicates parameter result was inaccurate --- Continued. 
6/ 13/2002 d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
W-7 9.25 12.83 104.25 
9.05 12.53 102.75 
4.38 13.22 103.25 
7.71 11.54 111.90 136. 10 482 .30 729.20 943.10 
14.52 14.10 115.80 46.60 449.60 703.40 929.70 
soils lab <20 22.00 127.80 <50 524.00 683.00 1035.00 
average 8.98 14.37 110.96 91.35 485.30 705.20 969.27 
W-8 382.65 
369.35 
393.40 
440.00 526.38 2523.75 718.13 2090.00 35337.50 
497.00 530.20 2536.00 722.80 2040.00 35440.00 
391.50 550.25 2577.50 112100.00 745.00 2094.75 35475.00 
soils lab 337.60 402.00 2259.00 111800.00 565.00 1460.00 28070. 00 
average 401.64 502.21 2474.06 111950.00 687.73 1921.19 33580.63 
W-9 5.06 5.93 22.88 22.68 
0.86 5.04 5.43 23.35 24.47 21.99 
1.91 5.24 6.09 26.50 25.60 21.62 511.40 
soils lab <20 <20 <50 <50 26.30 <50 578.00 
average 1.39 5.11 5.82 24.93 24.81 22.10 544.70 
W-10 8.71 51.10 15.37 59.30 754.50 
14.53 57.81 16.39 52.94 868.60 
36.89 54.80 32.30 7020.00 59.70 782.50 7125.00 
54.50 60.30 40.17 7715.00 66.50 852.00 7535.00 
soils lab <20 45.40 <50 739 1 .00 40 .00 611.70 6341.00 
average 28.66 53.88 26.06 7375.33 55.69 773.86 7000.33 
t-As t-Cd t-Cu t-Fe t-Mn t-Pb t-Zn 
NFAF-L 0.32 0.45 3.49 7.89 4.89 
0.55 0.34 3.49 145.80 7.79 4.45 146.90 
average 0.44 0.40 3.49 145.8 7.84 4.67 146.9 
NFAF-U 0.35 0.90 11.83 11.25 6.94 
12.87 197.75 9.60 6.31 1611.50 
average 0.35 0.9 12.35 197.75 10.43 6.63 1611.50 
L-1 0.78 0.44 5.62 18.04 4.02 
0.90 0.27 6.08 153.20 16.90 3.36 302.20 
average 0.84 0.36 5.85 153.20 17.47 3.69 302.20 
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Table B.1. ICP-MS, soils lab and averaged results for As , Cd, Cu, Fe Mn, Pb and Zn, in 
parts per billion, for filtered ( d-dissolved concentration) and unfiltered (t-total 
concentration) water samples; < indicates parameter result was under the given detection 
limit , -- indicates parameter result was inaccurate --- Continued. 
6/ 13/2002 t-As t-Cd t-Cu t-Fe t-Mn t-Pb t-Zn 
R-1 2.57 3.24 5.71 17.76 10.17 
3.05 2.36 4.69 336.95 14.04 7.86 609.00 
average 2.81 2.80 5.20 336.95 15.90 9.02 609.00 
R-2 4.89 3.95 8.58 13.35 78.19 
5.36 3.20 8.05 614.00 11.94 69.00 888.00 
average 5.13 3.58 8.32 614.00 12.65 73.60 888.00 
R-3 3.43 4.69 8.06 14.62 43.57 
3.70 3.35 6.20 426.15 12.04 33.18 1016.50 
average 3.57 4.02 7.13 426.15 13.33 38.38 1016.50 
R-4 7.41 15.80 12.28 4.37 
6.87 15.08 12.80 485.10 381.00 2021.00 
average 7.14 15.44 12.54 485.10 4.37 381.00 2021.00 
R-5 27.91 20.2 1 20.76 4.93 
29.33 19.96 25.15 1624.00 982.30 2624.00 
average 28.62 20.09 22.96 1624.00 4.93 982.30 2624.00 
7/ 10/2002 d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
NFAF-L 0.95 l.45 2.32 18.23 4.80 
1.38 l.84 2.32 28.59 17.55 5.08 137.40 
average 1.17 l.65 2.32 28.59 17.89 4.94 137.40 
NFAF-U 0.92 0.39 l.19 9.48 3.91 
l.[2 0.88 0.98 18. 10 9.39 4.06 20.5 1 
average 1.02 0.64 1.09 18.10 9.44 3.99 20.51 
L-1 1.55 0.24 0.62 28.19 2.82 
l.94 0.78 0.60 30.04 27.53 3.31 10.97 
average 1.75 0.51 0.61 30.04 27.86 3.07 10.97 
R-1 0.75 6.33 1.68 36.70 2.33 
1.29 6.36 1.45 32.64 30.58 4.34 795.80 
average 1.02 6.35 1.57 32.64 33.64 3.34 795.80 
R-2 0.59 6.30 1.45 23.20 2.24 
0.98 6.12 1.26 34.64 18.89 4.16 716.40 
average 0.79 6.21 1.36 34.64 21.05 3.20 716.40 
R-3 2.32 6.96 3.22 26.07 5.39 
1.78 7.03 1.92 54.38 22.74 7.16 731.20 
average 2.05 7.00 2.57 54.38 24.41 6.28 731.20 
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Table B.1. ICP-MS, soils lab and averaged results for As, Cd, Cu, Fe Mn, Pb and Zn, in 
parts per billion, for filtered ( d-dissolved concentration) and unfiltered (t-total 
concentration) water samples; < indicates parameter result was under the given detection 
limit, -- indicates parameter result was inaccurate --- Continued. 
7/10/2002 d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
R-4 l.99 17.81 9.49 9. 15 59.28 
2.52 15.03 9.30 102.16 7. 18 47.84 1234.40 
4.23 12.33 11.06 373.80 16.28 41.23 886.50 
average 2.91 15.06 9.95 237.98 10.87 49.45 1060.45 
t-As t-Cd t-Cu t-Fe t-Mn t-Pb t-Zn 
NFAF-L 0.56 0.87 3.12 9.50 11.24 
0.76 1.35 2.81 129.90 9.17 10.83 184.10 
average 0.66 1.1 l 2.97 129.90 9.34 11.04 184.10 
NFAF-U 0.33 0.82 8.27 9.60 6.43 
6.98 9.58 260.50 21.46 19.35 2050.00 
average 0.33 3.90 8.93 260.50 15.53 12.89 2050.00 
L-1 0.63 0.31 4.63 15.70 2.54 
l.15 0.85 5.02 53.26 15.28 3.31 207.90 
average 0.89 0.58 4.83 53.26 15.49 2.93 207.90 
R-1 1.62 4.19 4.70 20.44 4.30 
2.43 5.99 12.74 782.00 50.70 9.86 706.50 
average 2.03 5.09 8.72 782.00 35.57 7.08 706.50 
R-2 0.56 3.53 7.24 13.59 5.70 
5.96 6.62 147.30 15.76 11.07 1007.50 
average 0.56 4.75 6.93 147.30 14.68 8.39 1007.50 
R-3 1.23 4.11 4.82 15.34 11.30 
l.80 5.99 4.08 149.75 15.85 14.02 947.50 
average 1.52 5.05 4.45 149.75 15.60 12.66 947.50 
R-4 1.07 10.59 9.30 4.6 1 82.61 
1.72 12.16 9.26 124.85 8.97 73.85 960.50 
average 1.40 11.38 9.28 124.85 6.79 78.23 960.50 
8/ 19/2002 d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
NFAF-L 1.14 1.14 2.48 15.52 5.51 
1.44 1.51 2.79 35.70 14.72 5.79 122.IO 
average 1.29 1.33 2.64 35.70 15.12 5.65 122.10 
NFAF-U 1.08 0.63 2.17 8.17 5.46 
1.13 1.07 2.11 17.21 7.81 5.37 53.78 
average 1.11 0.85 2.14 17.21 7.99 5.42 53.78 
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Table B.1. ICP-MS, soils lab and averaged results for As, Cd, Cu, Fe Mn, Pb and Zn, in 
parts per billion, for filtered ( d-dissolved concentration) and unfiltered (t-total 
concentration) water samples; < indicates parameter result was under the given detection 
limit, -- indicates parameter result was inaccurate --- Continued. 
8/19/2002 d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
L-1 1.32 0.48 0.97 23.30 3.82 
1.58 0.94 0.95 I 7.36 22.06 4.04 38.85 
average 1.45 0.71 0.96 17.36 22.68 3.93 38.85 
R-1 0.63 6.38 1.64 50.53 5.47 
1.06 6.30 2.22 59.64 44 .32 6.76 826.40 
average 0.85 6.34 1.93 59.64 47.43 6.12 826.40 
R-2 0.68 5.68 1.38 41.20 3.31 
1.19 5.90 1.50 31.76 35.36 5.18 821.60 
average 0.94 5.79 1.44 31.76 38.28 4.25 821.60 
R-3 1.76 5.26 1.70 47.07 10.92 
1.99 4.96 1.72 85.33 38.06 9.94 
3.16 5.24 2.51 93.48 45.64 10.61 501.40 
average 2.30 5.15 1.98 89.41 43.59 10.49 501.40 
t-As t-Cd t-Cu t-Fe t-Mn t-Pb t-Zn 
NFAF-L 0.44 0.58 4.36 10.51 4.86 
0.65 I.II 4.40 84.88 9.18 5.03 186.90 
average 0.55 0.85 4.38 84.88 9.85 4.95 186.90 
NFAF-U 0.35 0.76 13.55 8.98 4.75 
0.9 1 1.81 15.57 108.92 10.51 6.87 639.80 
average 0.63 1.29 14.56 108.92 9.75 5.81 639.80 
L-1 0.64 0.41 3.47 20.27 3.12 
0.95 0.86 3.64 114.80 18.68 3.77 302.20 
average 0.80 0.64 3.56 114.80 19.48 3.45 302.20 
R-1 1.81 4.25 5.88 27.25 4.19 
2.23 6.65 5.85 379.95 29.73 10.42 819.00 
average 2.02 5.45 5.87 379.95 28.49 7.31 819.00 
R-2 0.37 2.96 8.18 20.91 3.19 
0.93 3.47 6.49 235.00 26.76 5.11 531.20 
average 0.65 3.22 7.34 235.00 23.84 4.15 531.20 
R-3 0.89 3.27 3.63 27.20 10.61 
2.03 6.02 5.02 180.20 29.79 16.93 979.50 
average 1.46 4.65 4.33 180.20 28.50 13.77 979.50 
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Table B.1. ICP-MS, soils lab and averaged results for As, Cd, Cu, Fe Mn, Pb and Zn, in 
parts per billion, for filtered ( d-dissolved concentration) and unfiltered (t-total 
concentration) water samples;< indicates parameter result was under the given detection 
limit, -- indicates parameter result was inaccurate --- Continued. 
9/14/2002 d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
NFAF-L 1.19 0.82 1.80 17.06 3.11 
1.43 1.28 1.84 19.78 16.52 3.70 80.18 
average 1.31 1.05 1.82 19.78 16.79 3.41 80.18 
NFAF-U 0.63 0.33 0.86 7.29 2.08 
1.13 0.85 0.87 7.74 7.03 2.78 28.55 
average 0.88 0.59 0.87 7.74 7.16 2.43 28.55 
L-1 1.24 0.22 0.43 19.84 1.05 
1.41 0.76 0.35 10.60 18.63 1.89 16.38 
average 1.33 0.49 0.39 10.60 19.24 1.47 16.38 
R-1 0.50 5.98 1.18 72.52 8.93 
0.89 5.87 1.19 20.12 61.62 8.99 686.00 
average 0.70 5.93 1.19 20.12 67.07 8.96 686.00 
R-2 0.72 5.42 1.06 55.43 3.46 
1.03 5.46 1.05 26.18 46.42 5.28 677.80 
average 0.88 5.44 1.06 26.18 50.93 4.37 677.80 
R-3 1.99 5.49 3.88 57.49 5.03 
2.22 5.95 4.07 54.42 53.20 6.87 641.00 
average 2.11 5.72 3.98 54.42 55.35 5.95 641.00 
t-As t-Cd t-Cu t-Fe t-Mn t-Pb t-Zn 
NFAF-L 0.44 0.48 4.89 11.16 7.80 
1.40 0.53 5.72 10.73 7.37 
0.79 1.01 6.29 162.00 10.79 7.77 133.60 
average 0.88 0.67 5.63 162.00 10.89 7.65 133.60 
NFAF-U 1.35 0.68 6.08 6.55 2.92 
0.47 0.73 5.38 7.80 3.39 
1.51 3.69 5.62 122.70 I 1.15 9.72 1472.00 
average 1.11 1.70 5.69 122.70 8.50 5.34 1472.00 
L-1 0.94 0.64 3.52 15.05 2.22 
1.48 0.75 4.46 15.62 2.19 
1.07 1.74 3.46 110.04 13.89 4.41 656.80 
average 1.16 1.04 3.81 110.04 14.85 2.94 656.80 
R-1 0.92 3.49 6.51 41.64 4.51 
1.83 3.78 7.32 42.18 4.43 
1.64 6.10 6.10 304.60 42.05 10.59 837.50 
average 1.46 4.46 6.64 304.60 41.96 6.51 837.50 
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Table B.l. ICP-MS, soils lab and averaged results for As, Cd, Cu, Fe Mn, Pb and Zn, in 
parts per billion, for filtered (ct-dissolved concentrat ion) and unfiltered (t-total 
concentration) water samples; < indicates parameter result was under the given detection 
limit, -- indicates parameter result was inaccurate --- Continued. 
9/14/2002 t-As t-Cd t-Cu t-Fe t-Mn t-Pb t-Zn 
R-2 1.95 3.17 8.48 29.04 6.59 
2.15 5.89 9.29 347.70 29.01 12.39 1204.50 
average 2.05 4.53 8.89 347.70 29.03 9.49 1204.50 
R-3 2.36 3.53 5.29 32.36 32.90 
1.86 5.36 3.13 171.25 26.83 27.37 722.50 
average 2.11 4.45 4.21 171.25 29.60 30.14 722.50 
10/ 15/2002 d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
NFAF-L 0.63 0.43 0.69 14.70 1.06 
1.15 0.49 1.21 14.73 15.51 0.86 66.59 
soils lab <20 <20 <50 <50 <20 <50 52.00 
average 0.89 0.46 0.95 14.73 15.11 0.96 59.30 
NFAF-U 0.37 0.50 0.33 6.98 0.83 
1.10 0.48 0.88 4.70 7.07 0.64 50 .19 
soils lab <20 <20 <50 <50 <20 <50 <50 
average 0.74 0.49 0.61 4.70 7.03 0.74 50.19 
L-1 0.65 0.32 0.38 17.28 1.22 
1.37 0.35 0.92 7.18 19.79 1.05 35.95 
soils lab <20 <20 <50 <50 <20 <50 <50 
average 1.01 0.34 0.65 7.18 18.54 1.14 35.95 
R-1 0.39 5.08 0.92 3.60 
1.67 4.72 1.94 30.98 86.42 3.47 687.00 
soils lab <20 <20 <50 <50 78.00 <50 610.00 
average 1.03 4.90 1.43 30.98 82.21 3.54 648.50 
R-2 0.59 5.21 0.96 25.38 3.04 
1.38 4.90 1.88 21.70 23.02 2.94 750.00 
soils lab <20 <20 <50 <50 23.00 <50 660.00 
average 0.99 5.06 1.42 21.70 23.80 2.99 705.00 
R-3 2.72 5.79 1.84 3.65 
3.57 5.72 2.69 53.48 75.42 3.39 723.60 
soils lab <20 <20 <50 <50 66.00 <50 625.00 
average 3.15 5.76 2.27 53.48 70.71 3.52 674.30 
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Table B.1. ICP-MS, soils lab and averaged results for As, Cd, Cu, Fe Mn, Pb and Zn, in 
parts per billion, for filtered ( d-dissolved concentration) and unfiltered (t-total 
concentration) water samples; < indicates parameter result was under the given detection 
limit, -- indicates parameter result was inaccurate --- Continued. 
10/ 15/2002 d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
W-2 7.23 7.68 459.65 218.35 30.80 
7.36 6.44 19.62 18.15 33.35 20.82 854.50 
6.28 6.97 20.45 6.77 36.58 22.11 
10.02 7.70 25. 16 38.64 23.80 989.50 
soils lab <20 <20 <50 <50 33.00 <50 849.00 
average 7.72 7.20 131.22 12.46 71.98 24.38 897.67 
W-7 3.60 5.06 310.05 32.22 
28.25 9. 16 22.97 139.70 46.58 1559.00 
4.79 6.28 6.89 16.57 125.65 33.84 1460.50 
16.39 13.17 19.92 18.62 258.60 69.54 2968.00 
soils lab <20 <20 <50 <50 116.00 <50 1360.00 
average 13.26 8.42 89.96 17.60 159.99 45.55 1836.88 
W-8 58.35 27.15 10.79 25.08 
99.75 41.06 19.07 10305.00 323.30 44.54 16700.00 
87.62 42 .80 22.30 380.00 36 .30 
soils lab <20 <20 <50 8850.00 339.00 <50 16300.00 
average 81.91 37.00 17.39 9577.50 347.43 35.31 16500.00 
W-10 46.8 1 7.83 2.42 146.10 19.59 
61.98 9.97 4.67 3081 .00 157.60 24.15 4561.00 
57.56 9.55 1.92 22.16 
soils lab <20 <20 <50 2510.00 166.00 <50 4330.00 
average 55.45 9.12 3.00 2795.50 156.57 21.97 4445.50 
t-As t-Cd t-Cu t-Fe t-Mn t-Pb t-Zn 
NFAF-L 1.14 0.45 3.34 9. 12 l.87 
0.83 0.32 2.82 70.48 9.10 1.69 150.70 
average 0.99 0.39 3.08 70.48 9.11 1.78 150.70 
NFAF-U 1.27 1.68 10.83 8.32 4.60 
2.68 1.77 12.76 158.65 7.29 5.13 1516.50 
average 1.98 1.73 11.80 158.65 7.81 4.87 1516.50 
L-1 1.44 0.41 3.54 14.09 3.33 
1.06 0.32 2.86 76.31 12.84 3.19 258.20 
average 1.25 0.37 3.20 76.31 13.47 3.26 258.20 
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Table B.1. ICP-MS, soils lab and averaged results for As, Cd, Cu, Fe Mn, Pb and Zn, in 
parts per billion, for filtered ( d-dissolved concentration) and unfiltered (t-total 
concentration) water samples; < indicates parameter result was under the given detection 
limit, -- indicates parameter result was inaccurate --- Continued. 
10/ 15/2002 t-As t-Cd t-Cu t-Fe t-Mn t-Pb t-Zn 
R-1 2.39 3.24 5.06 48.64 5.01 
4.03 3.60 6.44 380.80 49.34 6.06 908.00 
average 3.21 3.42 5.75 380.80 48.99 5.54 908.00 
R-2 1.25 2.86 5.74 10.66 3.83 
2.96 3.20 6.85 114.65 10.12 4.65 974.50 
average 2.11 3.03 6.30 114.65 10.39 4.24 974.50 
R-3 3.89 3.74 6.77 46.34 58.04 
5.86 3.71 7.93 374.20 45.08 56.45 1026.50 
average 4.88 3.73 7.35 374.20 45.71 57.25 1026.50 
Table B.2. Complete soils lab results for filtered water samples, in parts per million; 
< indicates parameter result was less than the detection limit. 
6/13/2002 Det. NFAF- NFAF- L-1 R-1 R-2 R-3 R-4 R-5 
Lim. L u 
Al 0.05 0.12 0.08 0.06 0.10 0.09 0.07 0.08 0.07 
As 0.20 < <. < < < < < < 
B 0.10 < < < < < < < < 
Ba 0.04 < < < < < < < < 
Ca 0.20 22.31 20.81 37.55 45.75 46.01 43.89 42.45 42.89 
Cd 0.02 < < < < < < 0.04 0.05 
Cl 1.00 21.00 23.30 24.60 23.30 22.40 23 .80 23.70 23.70 
Cu 0.05 < < < < < < < < 
Fe 0.05 < < < < < < < < 
K 1.00 < < < < < < < 1.22 
Mg 0.20 8.42 7.43 17.93 22.32 22.51 21.73 21.23 20.84 
Mn 0.02 < < 0.02 0.04 0.02 < < < 
Na 0.20 0.41 1.01 0.86 0.98 0.96 0.91 1.00 1.17 
p 0.20 < < < < < < < < 
Pb 0.05 < < < < < < < 0.07 
s 0.20 2.49 2.21 0.87 7.62 8.14 9.26 10.97 16.24 
Si 0.05 1.77 1.69 2.35 2.44 2.45 2.48 2.85 3.34 
Sr 0.03 0.05 0.06 0.06 0.07 0.06 0.07 0.07 0.06 
Zn 0.05 0.07 < < 0.63 0.74 0.88 3.45 3.94 
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Table B.2. Complete soils lab results for filtered water samples, in parts per million; < 
indicates parameter result was less than the detection limit --- Continued. 
6/13/2002 Det. W-1 W-2 W-3 W-4 W-5 W-6 W-7 W-8 W-9 W-
Lim. 10 
Al 0.05 0.05 < 0.63 0.10 8.6 I 3.62 0.05 2.45 0 .08 0.28 
As 0 .20 < < 0 .50 < 0.79 < < 0.34 < < 
B 0.10 < < < < 0.22 0.13 < < < < 
Ba 0.04 < < < < < 0.48 < < < 0.08 
Ca 0.20 49.27 46.01 28.98 43 .27 55.46 54 .85 47.22 53.49 64.73 38.92 
Cd 0.02 0.03 0.03 0.91 0 .06 0.75 0.67 0 .02 0.40 < 0.05 
Cl 1.00 101.00 11.90 9.20 17.50 67.70 15.30 8.30 17.30 527 .00 15.70 
Cu 0.05 < < 0.83 < 10.35 0.30 0 . 13 2.26 < < 
Fe 0.05 < < 36.63 < 243.10 114.60 < 111.80 < 7.39 
K 1.00 5.38 1.18 1.05 < 2.49 1.47 1.22 1.12 16.65 < 
Mg 0.20 22.51 23.07 8.48 21.19 13.58 22.98 24.19 24 .34 32.38 18.51 
Mn 0.02 < 0.06 0.35 0 .02 0.34 0.44 0.52 0.57 0.03 0.04 
Na 0.20 74.53 6.82 11.55 3.49 37.77 3.38 8.26 10.04 318 .00 1.52 
p 0.20 < < < < 0.8 7 < < 0.20 < < 
Pb 0.05 0.05 0.09 9.84 0.10 3.44 4 .07 0.68 l.46 < 0.61 
s 0.20 10.79 l 1.37 107.30 31.09 375.10 192.40 28.99 172.10 15.30 24.15 
Si 0.0 5 3.70 3.00 7.83 3.50 12.07 15.12 3.39 5.57 2.61 2.49 
Sr 0.03 0.17 0.10 0.09 0.08 0.16 0.10 0 . 11 0.08 0.3 7 0.05 
Zn 0.05 2.77 2 .83 47 .86 8.90 61.27 83.76 1.04 28.07 0 .58 6.34 
10/15/2002 Det. NFAF- NFAF- L-1 R-1 R-2 R-3 W-2 W-7 W-8 W-
Lim. L u 10 
Al 0.05 < < < < < < < < 0.08 < 
As 0.20 < < < < < < < < < < 
B 0. 10 < < < < < < < < < < 
Ba 0.04 < 0.04 < 0.08 0.08 0.09 0 .09 0.08 0 .06 0.05 
Ca 0.20 26.90 26.20 30.20 35.60 35.00 34 .60 40.20 39.60 36.50 37.70 
Cd 0.02 < < < < < < < < < < 
Cl 1.00 < < 2.50 < < < 2 .80 1.10 3.20 < 
Cu 0.05 < < < < < < < < < < 
Fe 0.05 < < < < < < < < 8.85 2.51 
K 1.00 1.19 1.04 1.03 1.21 < < 1.26 < 1.09 < 
Mg 0.20 13.90 13.00 16.40 21.40 21.20 20 .70 22.80 22.60 19.20 21.30 
Mn 0.02 < < < 0.08 0.02 0.07 0.03 0.12 0.34 0.17 
Na 0.20 2.04 2 . 15 1.72 2.02 1.64 1.82 2.07 3.24 36.70 5.31 
p 0.20 < < < < < < < < < < 
Pb 0.05 < < < < < < < < < < 
s 0.20 6.50 7. 10 2.20 10.40 10.70 10.80 10.20 20.50 74.30 24.40 
Si 0.05 l.50 1.51 1.49 1.51 1.40 1.49 1.65 1.77 2.90 1.99 
Sr 0 .03 0.04 0.05 0.03 0.06 0.06 0.05 0.05 0.07 0.07 0 .06 
Zn 0.05 0.05 < < 0.61 0.66 0.63 0.85 1.36 16.30 4.33 
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Table B.3. Field gathered chemical data , units specified below ; -- indicates < 5 mg/L for 
alkalinity. 
6/ 12,13/02 NFAF- NFAF- L-1 R-1 R-2 R-3 R-4 R-5 L u 
Temp 11.83 10.54 18.57 13.25 14.47 13.65 15.38 20.96 (degrees C) 
Sp. Cond. 0.17 0. 157 0.295 0.361 0.385 0.342 0.338 0.34 (mS/cm) 
pH 8.1 7.8 7.9 7.2 7.2 7.4 7.5 7.3 
Salinity (ppt) 0.08 0.07 0.14 0.17 0. 17 0.16 0.16 0.16 
Alkalinit y (mg/L) 120 100 220 240 260 220 200 200 
6/ 12,13/02 W-1 W-2 W-3 W-4 W-5 W-6 W-7 W-8 W-9 W-10 
Temp 18.0l 12.44 19.75 13.77 17.31 19.01 21.58 9.09 11.7 8.81 (degrees C) 
Sp. Cond. 0.431 0.414 1. 136 0.43 3.52 0.442 0.418 0.788 2.23 0.378 (mS/cm) 
pH 6.9 6.5 2.6 6.3 2.3 3.1 6.2 2.9 7.0 6.3 
Salinity (ppt) 0.31 0.2 0.56 0.2 1.85 0.21 0.2 0.38 1.13 0.18 
Alkalinity (mg/L) 240 220 160 160 280 220 
7/10/2002 NFAF- NFAF- L-1 R-1 R-2 R-3 R-4 L u 
Temp 10.02 11.78 l 7.42 13.5 16.22 17.77 28.2 (degrees C) 
Sp. Cond. 0.234 0.213 0.204 0.372 0.378 0.362 0.348 (mS/cm) 
pH 7.8 7.6 8.2 7.4 7.1 7.5 7.9 
Salinity (ppt) 0.1 I 0.1 0.14 0.18 0. 17 0.17 
Alkalinity (mg/L) 140 120 240 200 220 220 200 
8/ 19/2002 NFAF- NFAF- L-1 R-1 R-2 R-3 L u 
Temp 11.38 12.12 15.19 12.87 16.5 21.64 (degrees C) 
Sp. Cond. 0.275 0.261 0.307 0.371 0.371 0.378 (mS/cm) 
pH 7.5 7.41 7.78 7.2 7.09 7.63 
Salinity (ppt) 0.13 0.12 0.15 0.18 0.18 0.18 
Alkalinity (mg/L) 160 140 200 200 200 200 
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Table B.3. Field gathered chemical data, units specified below; -- indicates < 5 mg/L for 
alkalinity --- Continued. 
9/ 14/2002 NFAF- NFAF- L-1 R-1 R-2 R-3 L u 
Temp 12.97 13.17 14.5 14.03 15.12 16.73 (degrees C) 
Sp. Cond. 0.274 0.267 0.239 0.37 0.368 0.372 (mS/cm) 
pH 7.49 7.36 7.38 7.04 6.95 7.4 
Salinity (ppt) 0.13 0.13 0.13 0. 18 0.18 0. 18 
Alkalinity (mg/L) 140 180 200 200 200 180 
10/ 15/2002 NFAF- NFAF- L-1 R-1 R-2 R-3 W-2 W-7 W-8 W-L u 10 
Temp 5.0 7.3 8.3 7.2 7.4 11.5 16.6 16.1 14.0 14.0 (degrees C) 
D.O. (ppm) 9.41 8.58 7.94 7.95 5.2 6.63 4.43 5.30 5.13 2.91 
D.O. (% sat) 98.5 96.7 91.0 88.9 57.2 83.5 62.1 72.5 67.2 37.5 
pH 7.73 7.74 7.66 7.52 7.38 7.41 7.17 6.92 6.39 6.8 
Cond. (~1S) 245.1 242 .5 287.1 311.9 367 .7 364.7 413.1 228.4 313 .6 211. l 
Salinity (ppt) 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.2 0.1 
Alkalinity (mg/L) 140 140 180 200 200 180 220 160 JOO 160 
Table B.4. ICP-MS results for digested and non-digested blanks; in parts per billion, --
indicates parameter result was inaccurate. 
t-As t-Cd t-Cu t-Fe t-Mn t-Pb t-Zn 
Blank I 0.89 0.27 2.14 0.53 5.10 
0.60 0.22 1.56 17.82 0.33 4.78 118.50 
average 0.75 0.25 1.85 17.82 0.43 4.94 118.50 
Blank 2 0.75 0.27 1.63 20.59 0.36 7.35 144.80 
0.99 0.38 2.21 0.50 7.48 
0.98 0.36 2.15 0.47 7.69 
average 0.91 0.34 2.00 20.59 0.44 7.51 144.80 
Blank 0.83 0.29 1.92 19.21 0.44 6.22 131.65 
average 
d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
Blank 1 0.20 0.07 0.37 0.36 0.08 0.25 -1.02 
Blank 2 0.17 0.06 0.38 0.09 0.06 0.25 -0.90 
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average 0.19 0.07 0.38 0.23 0.07 0.25 -0.96 
Table B.5. ICP-MS detection limit study results for October NF AF-L sample and 
calculation of standard deviation(SD), detection limit (3*SD), and quantitative limit 
(5*SD), values in parts per billion. 
NFAF-L d-As d-Cd d-Cu d-Fe d-Mn d-Pb d-Zn 
0.95 0.42 l.14 14.59 14.33 0.83 63.30 
0.97 0.45 1.18 14.35 14.18 0.84 63.18 
1.18 0.43 1.30 18.04 14.40 0.84 69.50 
0.93 0.43 1.08 14.44 14.17 0.85 61.96 
1.10 0.43 1.15 14.13 14.4 I 0.84 61.44 
1.07 0.43 I. 15 13.88 14.07 0.85 61.90 
0.97 0.46 1.14 14.1 I 15.63 0.94 63.11 
0.98 0.52 1.08 14.6 1 15.77 0.92 63.86 
1.01 0.43 l.15 14.12 14.22 0.82 64.66 
0.89 0.47 1.17 14.58 14.26 0.83 61.38 
Std. Dev. 0.09 0.03 0.06 l.20 0.62 0.04 2.39 
Det. Lim. 0.26 0.09 0.18 3.61 1.86 0.12 7.17 
Quant. 0.44 0.15 0.31 6.02 3.10 0.20 11.95 Lim 
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APPENDIX C. Final Hydrochemical Results 
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Table C.1. Final hydrochemical results for water samples, values in parts per billion 
unless noted, raw data in Appendix B. 
6/13 /2002 NFAF-L NFAF-U L-1 R-1 R-2 Det. Lim. 
pH 8.1 7.8 7.9 7.2 7.2 
Al 122.80 76. 10 60.50 103.50 85.80 50.00 
As 0.47 0.48 1.39 0.99 0.52 0.44 
t-As 0.87 0.70 1.68 5.62 10.25 0.52 
B < < < < < 100.00 
Ba < < < < < 40.00 
Ca 22310.00 20810.00 37550.00 45750.00 46010.00 200.00 
Cd 0.54 0.21 0.22 4.83 5.68 0. 15 
t-Cd 0.79 l.80 0.71 5.60 7.15 0.30 
CI 21000 .00 23300.00 24600 .00 23300.00 22400.00 1000.00 
Cu l.89 2.92 0.75 2.16 l.75 0.31 
t-Cu 6.22 23.94 10.94 9.64 15.87 0.61 
Fe 37.77 27.25 3 l.83 37.06 48.14 6.02 
t-Fe 291.60 395.50 306.40 673.90 1228.00 12.05 
K < < < < < 1000.00 
Mg 8421.00 7430.00 l 7930.00 22320.00 22510.00 200.00 
Mn 11. l 8 8.69 22.71 32.90 23.58 3.10 
t-Mn 15.68 20.85 34.94 32.90 25.29 6.19 
Na 41 l.20 IOI l.00 864.70 980.30 961.20 200.00 
p < < < < < 200.00 
Pb 0.71 0.47 0.32 0.40 1.03 0.20 
t-Pb 8.84 12.75 6.88 17.53 146.69 0.40 
SO4 7449.37 6604.69 2607.43 22830.35 24369.95 599.06 
SiO2 3785.66 3614.46 5020.44 5225.88 5234.44 107.00 
Sr 48.70 55.90 56.50 69.10 64.90 30.00 
Zn 61.84 10.19 10.91 614.95 737.75 I l.95 
t-Zn 293.80 3223.00 604.40 1218.00 1776.00 23.90 
Alkalinity (mg/L) 120 100 220 240 260 
TDS (mg/L) 183.66 162.95 308.76 361.27 382.45 
Temp. (C) I l.83 10.54 18.57 13.25 14.47 
Charge balance 
-26.73 -24.58 -20.94 -17.64 -20.61 % error 
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Table C.1. Final hydrochemical results for water samp les, values in parts per billion 
unless noted, raw data in Appendix B --- Continued. 
6/13/2002 R-3 R-4 R-5 W-1 W-2 Det. Lim. 
pH 7.4 7.5 7.3 6.9 6.5 
Al 74.10 80.00 68.30 54.70 < 50.00 
As 0.95 2.20 0.73 3.94 5.39 0.44 
t-As 7.13 14.28 57.24 0.87 
B < < < < < 100.00 
Ba < < < < < 40.00 
Ca 43890.00 42450.00 42890.00 49270.00 46010.00 200.00 
Cd 7.04 27.64 35.83 21.57 19.64 0.15 
t-Cd 8.04 30.88 40.17 0.30 
Cl 23800.00 23700.00 23700.00 101000.00 11900.00 1000.00 
Cu 2.46 8.38 3.52 5.14 6.12 0.31 
t-Cu 13.50 24.32 45.15 0.61 
Fe 38.10 42.98 45.63 27.74 37.65 6.02 
t-Fe 852.30 970.20 3248.00 12.05 
K < < 1215.00 5381.00 1175.00 1000.00 
Mg 21730.00 21230.00 20840 .00 22510.00 23070.00 200.00 
Mn 18.29 5.18 4.26 14.57 43. 13 3.10 
t-Mn 26.66 8.74 9.86 6.19 
Na 912.80 995.50 1168.00 74530.00 6822.00 200.00 
p < < < < < 200.00 
Pb 1.94 23.29 63.82 45.28 83.78 0.20 
t-Pb 76.25 761.50 1964.10 0.40 
SO4 27727.70 32858.69 48644.04 32319.53 34056.82 599.06 
SiO2 5311.48 6094.72 7154.02 7926.56 6428.56 107.00 
Sr 72.10 71.50 63.40 166.90 96.70 30.00 
Zn 865.90 3064.50 3345.50 2631.50 2410.50 11.95 
t-Zn 2033.00 4042 .00 5248.00 23.90 
Alkalinity 220 200 200 240 220 (mg/L) 
TDS (mg /L) 344.45 330.65 349.24 535.91 352.17 
Temp. (C) 13.65 15.38 20.96 18.01 12.44 
Charge balance 
- 16.95 -14.91 -17.64 -3.40 -8.66 % error 
153 
Table C.1. Final hydrochemical results for water samples, values in parts per billion 
unless noted , raw data in Appendix B --- Continued. 
6/13/2002 W-3 W-4 W-5 W-6 Det. Lim. 
pH 2.6 6.3 2.3 3.1 
Al 628.70 95.50 8614.00 3624.00 50.00 
As 380.20 20.05 1203.50 121.46 0.44 
t-As 0.87 
B < < 222.90 127.10 100.00 
Ba < < < 482.10 40.00 
Ca 28980.00 43270.00 55460.00 54850.00 200.00 
Cd 831. 77 48.28 1001.50 598.78 0.15 
t-Cd 0.30 
Cl 9200.00 17500.00 67700.00 15300.00 1000.00 
Cu 737.49 14.81 11388.37 270.86 0.3 l 
t-Cu 0.61 
Fe 31495.00 54.93 261500.00 95600 .00 6.02 
t-Fe 12.05 
K 1053.00 < 2490 .00 1466.00 1000.00 
Mg 8483.00 21190.00 13580.00 22980.00 200.00 
Mn 267.51 18.17 464.27 357 .08 3.10 
t-Mn 6.19 
Na 11550.00 3489.00 37770.00 3378.00 200.00 
p < < 872.70 < 200.00 
Pb 9665.25 9l.0l 5012.95 3939.25 0.20 
t-Pb 0.40 
SO4 321398.13 93124.58 l 123545.56 576300.09 599.06 
SiO2 16760.48 7494.28 25829.80 32356.80 107.00 
Sr 91.10 75.90 158.80 97.40 30.00 
Zn 45645.00 8473.00 80575.00 79013.33 11.95 
t-Zn 23.90 
Alkalinity (mg/L) <5 160 <5 <5 
TDS (mg/L) 487 .17 354.96 1697.39 890.86 
Temp. (C) 19.75 13.77 17.31 19.01 
Charge balance 12.33 -14.03 2.58 -l.11 % error 
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Table C.1. Final hydrochemical results for water samples , values in parts per billion 
unless noted , raw data in Appendix B --- Continued 
6/13/2002 W-7 W-8 W-9 W-10 Det. Lim. 
pH 6.2 2.9 7.0 6.3 
Al 50.80 2449.00 76.10 280.50 50.00 
As 8.98 401.64 1.39 28.66 0.44 
t-As 0.87 
B < < < < 100.00 
Ba < < < 77.90 40.00 
Ca 47220.00 53490 .00 64730.00 38920.00 200.00 
Cd 14.37 502.21 5.1 l 53.88 0.15 
t-Cd 0.30 
CI 8300.00 17300.00 527000.00 15700.00 1000.00 
Cu 110.58 2473 .68 5.44 25.68 0.3 1 
t-Cu 0.61 
Fe 91.35 111950.00 24.93 7375.33 6.02 
t-Fe 12.05 
K 1216.00 1118.00 16650.00 < 1000.00 
Mg 24190.00 24340.00 32380.00 18510.00 200.00 
Mn 485.30 687.73 24.81 55.69 3.10 
t-Mn 6.19 
Na 8264.00 10040.00 318000.00 1522.00 200.00 
p < 200.10 < < 200.00 
Pb 704.95 1920.94 21.85 773.6 1 0.20 
t-Pb 0.40 
SO4 86834.41 515495.04 45828.44 72337.04 599.06 
SiO2 7248. 18 11924.08 5581.12 5337.16 107.00 
Sr 106.40 82.70 374.00 46.30 30.00 
Zn 969.27 33580.63 544.70 7000.33 11.95 
t-Zn 23.90 
Alkalinity 160 <5 280 220 (mg/L) 
TDS (mg/L) 345.79 787.96 1291.25 388.04 
Temp. (C) 21.58 9.09 11.7 8.81 
Charge balance 
-4.64 5.14 -2.98 -23.37 % error 
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Table C.1. Final hydrochemical results for water samples, values in parts per billion 
unless noted , raw data in Appendix B. 
7/10/2002 NFAF-L NFAF-U L-1 R-1 R-2 R-3 R-4 Det. Lim. 
pH 7.8 7.6 8.2 7.4 7.1 7.5 7.9 
As 1.17 1.02 1.75 1.02 0.79 2.05 2.91 0.44 
t-As 1.32 1.02 1.78 4.05 1.12 3.03 2.91 0.87 
Cd 1.65 0.64 0.51 6.35 6.21 7.00 15.06 0.15 
t-Cd 2.22 7.80 1.16 10.18 9.49 10.10 22.75 0.30 
Cu l.94 0.7 1 0.23 l.19 0.98 2.19 9.57 0.31 
t-Cu 5.17 17.09 8.89 16.68 13.10 8.14 17.80 0.61 
Fe 28.59 18.10 30.04 32.64 34.64 54.38 237.98 6.02 
t-Fe 259.80 521.00 106.52 1564.00 294.60 299.50 249.70 12.05 
Mn l 7.89 9.44 27.86 33.64 21.05 24.41 10.87 3. IO 
t-Mn 18.67 31.06 30.98 71. 14 29.35 31.19 13.58 6.19 
Pb 4.69 3.74 2.82 3.09 2.95 6.03 49.20 0.20 
t-Pb 21.57 25.28 5.35 13.66 16.27 24.82 155.96 0.40 
Zn 137.40 20.5 l 10.97 795.80 7 16.40 731.20 1060.45 11.95 
t-Zn 368.20 4100.00 4 15.80 1413.00 20 15.00 1895.00 I 921.00 23.90 
Alkalinity 140 120 240 200 220 220 200 (mg/L) 
Temp. 10.02 11.78 17.42 13.50 16.22 17.77 28.20 (C) 
8/19/2002 NFAF-L NFAF-U L-1 R-1 R-2 R-3 Det. Lim. 
pH 7.50 7.4 1 7.78 7.2 7.09 7.63 
As 1.29 1.11 l.45 0.85 0.94 2.30 0.44 
t-As l.29 1.26 1.59 4.04 l.30 2.92 0.87 
Cd 1.33 0.85 0.71 6.34 5.79 5.15 0.15 
t-Cd 1.69 2.57 1.27 10.90 6.43 9.29 0.30 
Cu 2.26 1.76 0.58 1.55 1.06 1.60 0.31 
t-Cu 8.00 28.36 6.35 10.97 13.91 7.89 0.61 
Fe 35.70 17.2 l 17.36 59.64 31.76 89.41 6.02 
t-Fe 169.76 217 .84 229.60 759.90 470.00 360.40 12.05 
Mn 15. 12 7.99 22.68 47.43 38.28 43.59 3.10 
t-Mn 19.69 19.49 38.95 56.98 47.67 56.99 6.19 
Pb 5.40 5.17 3.68 5.87 4.00 10.24 0.20 
t-Pb 9.39 11.12 6.39 14.11 7.80 27.04 0.40 
Zn 122.10 53.78 38.85 826.40 821.60 501.40 11.95 
t-Zn 373.80 1279.60 604.40 1638.00 1062.40 1959.00 23.90 
Alkalinity 160 140 200 200 200 200 (mg/L) 
Temp. 11.38 12.12 15.19 12.87 16.5 21.64 (C) 
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Table C.1. Final hydrochemical results for water samples, values in parts per billion 
unless noted, raw data in Appendix B --- Continued 
9/14/2002 NFAF-L NFAF-U L-1 R-1 R-2 R-3 Det. Lim. 
pH 7.49 7.36 7.38 7.04 6.95 7.4 
As 1.31 0.88 1.33 0.70 0.88 2.11 0.44 
t-As 1.75 2.22 2.33 2.93 4.10 4.22 0.87 
Cd 1.05 0.59 0.49 5.93 5.44 5.72 0. 15 
t-Cd 1.35 3.40 2.09 8.91 9.06 8.89 0.30 
Cu 1.44 0.49 0.01 0.81 0.68 3.60 0.31 
t-Cu l0 .51 10.63 6.87 12.53 17.01 7.66 0.61 
Fe 19.78 7.74 10.60 20.12 26.18 54.42 6.02 
t-Fe 324.00 245.40 220.08 609.20 695.40 342.50 12.05 
Mn 16.79 7. 16 19.24 67.07 50.93 55.35 3. 10 
t-Mn 21.79 17.00 29.71 83.91 58.05 59.19 6.19 
Pb 3. 16 2.18 1.22 8.71 4.12 5.70 0.20 
t-Pb 14.79 10.19 5.38 12.52 18.48 59.77 0.40 
Zn 80.18 28.55 16.38 686.00 677.80 641.00 11.95 
t-Zn 267.20 2944 .00 1313.60 1675.00 2409 .00 1445.00 23.90 
Alkalinity 140 180 200 200 200 180 (mg/L) 
Temp. (C) 12.97 13. 17 14.5 14.03 15.12 16.73 
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Table C.1. Final hydrochemical results for water samples, values in parts per billion 
unless noted, raw data in Appendix B. 
10/15/2002 NFAF-L NFAF-U L-1 R-1 R-2 Det. Lim. 
pH 7.73 7.74 7.66 7.52 7.38 
Al < < < < < 50.00 
As 0.89 0.74 I.OJ l.03 0.99 0.44 
t-As 1.97 3.95 2.5 6.42 4.21 0.87 
B < < < < < 100.00 
Ba < 41.00 < 82.00 80.00 40.00 
Ca 26900.00 26200.00 30200.00 35600.00 35000.00 200.00 
Cd 0.46 0.49 0.34 4.90 5.06 0.15 
t-Cd 0.77 3.45 0.73 6.84 6.06 0.30 
Cl < < 2500.00 < < 1000.00 
Cu 0.57 0.23 0.27 l.05 1.04 0.31 
t-Cu 5.4 22.83 5.64 10.74 11.83 0.6 1 
Fe 14.73 4.70 7. 18 30.98 21.70 6.02 
t-Fe 140.96 3 17.3 152.62 76 1.6 229.3 12.05 
K 1190.00 1040.00 1030.00 1210.00 < 1000.00 
Mg 13900.00 13000.00 16400.00 21400.00 21200.00 200.00 
Mn JS.I I 7.03 18.54 82.21 23.80 3.10 
t-Mn 18.22 15.61 26.93 97.98 23.80 6.19 
Na 2040.00 2150.00 1720.00 2020.00 1640.00 200.00 
p < < < < < 200.00 
Pb 0.71 0.49 0.89 3.29 2.74 0.20 
t-Pb 3.06 9.23 6.02 10.57 7.98 0.40 
SO4 19469.60 21266.79 6589.71 31151.36 32049.95 599.06 
SiO2 3210.00 3231.40 3188.60 323 l .40 2996.00 107.00 
Sr 43.00 48.00 33.00 60.00 61.00 30.00 
Zn 59.30 50.19 35.95 648.50 705.00 l 1.95 
t-Zn 301.4 3033 516.4 1816 1949 23.90 
Alkalinity (mg/L) 140 140 180 200 200 
TDS (mg/L) 206.84 207.04 241.73 295.53 293.79 
Temp. (C) 5.0 7.3 8.3 7.2 7.4 
Charge balance 
-10.47 -13.2 1 -12.69 -11.96 -13.49 % error 
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Table C.1. Final hydrochemical results for water samples, values in parts per billion 
unless noted , raw data in Appendix B. 
10/ 15/2002 R-3 W-2 W-7 W-8 W-10 Det. Lim. 
pH 7.41 7.17 6.92 6.39 6.8 
Al < < < 75.00 < 50.00 
As 3.15 7.72 13.26 81.9 1 55.45 0.44 
t-As 9.75 0.87 
B < < < < < 100.00 
Ba 89.00 86.00 81.00 56.00 47.00 40.00 
Ca 34600.00 40200.00 39600.00 36500.00 37700.00 200.00 
Cd 5.76 7.20 8.42 37.00 9.12 0.15 
t-Cd 7.45 0.30 
CI < 2800.00 1100.00 3200.00 < 1000.00 
Cu 1.89 130.84 89.58 17.01 2.62 0.31 
t-Cu 13.94 0.61 
Fe 53.48 12.46 17.60 9577.50 2795.50 6.02 
t-Fe 748.4 12.05 
K < 1260.00 < 1090.00 < 1000.00 
Mg 20700.00 22800.00 22600.00 19200.00 21300.00 200.00 
Mn 70.71 71.98 159.99 347.43 156.57 3.10 
t-Mn 91.42 6.19 
Na 1820.00 2070.00 3240.00 36700.00 5310.00 200.00 
p < < < < < 200.00 
Pb 3.27 24.13 45.30 35.06 21.72 0.20 
t-Pb 113.99 0.40 
SO4 32349.49 30552.29 61404.12 222552.48 73085.87 599.06 
SiO2 3188.60 3531.00 3787.80 6206.00 4258 .60 107.00 
Sr 47.00 54.00 65.00 73.00 57.00 30.00 
Zn 674.30 897.67 1836.88 16500.00 4445.50 11.95 
t-Zn 2053 23.90 
Alkalinity (mg/L) 180 220 160 100 160 
TDS(mg/L) 273.61 324.51 294.05 452.25 309.24 
Temp. (C) 11.5 16.6 16.l 14.0 14.0 
Charge balance 
-9.75 -12.13 -5.72 -7.30 -7.39 % error 
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APPENDIX D. Well Information and Slug Test Measurements 
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Table D.1. Total station results for well location and top of casing height. 
Well ID Easting (ft) Northing (ft) Height (ft) 
W-1 -75.358 310.571 8.848 
W-2 -203.953 275.069 10.922 
W-3 -47.674 93.684 2.762 
W-4 -127.782 -5.344 -3.045 
W-5 -30.079 - 115.896 -5.564 
W-6 -12.146 75.492 1.575 
W-7 13.678 241.496 5.135 
W-8 -14.708 -32 .838 -4.265 
W-9 -325.5 15 566.722 19.787 
W-10 19.13 1 173.074 0.430 
5.577 Rod height (ft) 
5.610 Instrument height (ft) 
Table D.2. Depth to water in wells and well depth, in feet, measured with steel tape from 
top of casing. 
W-1 W-2 W-3 W-4 W-5 W-6 W-7 W-8 W-9 W-lO 
6/13/2002 1.45 1.34 2.13 0.06 1.88 2.21 1.65 1.21 2.00 0.65 
7/11/2002 1.70 1.48 2.89 1.20 2.67 2.56 1.84 2.00 2.77 0.96 
8/19/2002 1.96 2.12 dry dry dry dry 2.05 2.91 dry 1.27 
9/15/2002 2.08 2.52 dry dry dry dry 2.04 3.13 dry 1.31 
10/15/2002 1.99 2.74 dry dry dry dry 2.06 3.34 dry 1.34 
Well 2.62 3.37 3.81 2.13 3.46 3.62 2.83 20.26 2.92 19.36 depth 
Table D.3. PVC well casing dimensions, in inches. 
Shallow wells Deep wells 
Inner diameter 1.00 Inner diameter 2.00 
Outer diameter 1.375 Outer diameter 2.375 
Table D.4. Slug test measurements. 
W-1 
Static depth to water (ft) 
1.7 
Time (min:sec) Depth to water (ft) 
1:00 
1:30 
2:00 
2:30 
3:00 
4:00 
5:00 
7:00 
10:00 
W-3 
Static depth to water (ft) 
2.89 
2.16 
1.97 
1.91 
1.88 
1.87 
1.86 
1.85 
1.85 
1.84 
Time (min:sec) Depth to water (ft) 
0:30 4 .04 
1:00 3.89 
1:30 3.78 
2:00 3.67 
2:30 3.59 
3:00 3.52 
4:00 3.40 
5:00 3.32 
7:00 3.21 
10:00 3.13 
13:00 3.10 
16:00 3.08 
20:00 3.07 
W-2 
Static depth to water (ft) 
1.48 
161 
Time (min:sec) Depth to water (ft) 
0:35 
1:00 
1:30 
2:00 
2:30 
3:00 
4:00 
W-4 
Static depth to water (ft) 
1.33 
2.32 
1.77 
1.68 
1.65 
1.64 
1.64 
1.63 
Time (min:sec) Depth to water (ft) 
0:30 1.59 
1 :00 1.48 
1 :30 1.45 
2:00 1.43 
2:30 1.42 
3:00 1.41 
4:00 1.40 
5:00 1.39 
7:00 1.37 
10:00 1.35 
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Table D.4. Slug test measurements --- Continued. 
W-5 W-6 
Static depth to water (ft) 
2.67 
Time (min:sec) Depth to water (ft) 
0:30 
1:00 
1:30 
2:00 
3:00 
5:00 
7:00 
10:00 
13:00 
16:00 
20:00 
25:00 
30:00 
W-7 
Static depth to water (ft) 
1.84 
3.63 
3.56 
3.47 
3.46 
3.46 
3.43 
3.37 
3.28 
3.20 
3.13 
3.06 
2.99 
2.94 
Time (min:sec) Depth to water (ft) 
0:30 2.15 
1:00 2.06 
1:30 2.03 
2:00 2.02 
2:30 2.01 
3:00 2.00 
4:00 2.00 
5:00 1.99 
7:33 1.98 
Static depth to water (ft) 
2.56 
Time (min:sec) Depth to water (ft) 
0:30 
1:00 
1 :30 
2:00 
2:30 
3:00 
4:00 
5:00 
7:00 
10:00 
13:00 
16:00 
20:00 
25:00 
30:00 
W-8 
Static depth to water (ft) 
2.00 
3.43 
3.29 
3.18 
3.10 
3.05 
3.02 
2.97 
2.95 
2.92 
2.88 
2.85 
2.83 
2.81 
2.79 
2.77 
Time (min:sec) Depth to water (ft) 
0:30 2.60 
0:45 2.30 
1:00 2.24 
1:30 2.19 
2:30 2.16 
3:00 2.15 
4:00 2.15 
5:00 2.14 
7:00 2.14 
10:00 2.14 
Table D.4. Slug test measurements --- Continued. 
W-10 
Static depth to water (ft) 
1.11 
Time (min:sec) 
0:30 
0:44 
0:55 
1:20 
1:53 
2:30 
3:00 
4:00 
5:00 
7:00 
10:00 
Depth to water (ft) 
1.6 
1.4 
1.3 
1.25 
1.2 
1.17 
1.16 
1.15 
1.14 
1.13 
1.12 
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APPENDIX E. Metals Loading Rates 
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Table E.1. Metals loading rates, in mg/sec; net flux is the loading rate flux that enters 
(+) or leaves(-) the North Fork. 
6/13/2002 As t-As Cd t-Cd Cu t-Cu Fe t-Fe 
NFAF-U 0.915 1.348 0.395 3.467 5.614 46.109 52.485 761.750 
L-1 0.014 0.017 0.002 0.007 0.007 0.108 0.315 3.037 
R-1 0.056 0.322 0.277 0.321 0.124 0.552 2.121 38.570 
R-2 0.007 0.134 0.074 0.093 0.023 0.207 0.627 15.997 
R-3 0.0 14 0.109 0. 108 0.123 0.038 0.206 0.583 13.034 
R-4 0.005 0.032 0.063 0.070 0.019 0.055 0.097 2.198 
R-5 0.000 0.016 0.010 0.011 0.001 0.0 13 0.0 13 0.920 
NFAF-L 0.855 1.584 0.974 1.438 3.440 11.322 68. 748 530.766 
Net flux -0.156 -0.394 0.046 -2.654 -2.386 -35.929 12.507 -304.741 
6/13/2002 Mn t-Mn Pb t-Pb Zn t-Zn 
NFAF-U 16.728 40.158 0.905 24.557 19.626 6207.637 
L-1 0.225 0.346 0.003 0.068 0.108 5.991 
R-1 1.883 1.883 0.023 1.003 35.196 69.712 
R-2 0.307 0.329 0.013 1.91 l 9.611 23. 136 
R-3 0.280 0.408 0.030 1.166 13.242 31.090 
R-4 0.012 0.020 0.053 1.725 6.943 9.158 
R-5 0.001 0.003 0.018 0.556 0.947 1.486 
NFAF-L 20.341 28.541 1.283 16.090 112.551 534.771 
Net flux 0.905 -14.607 0.238 -14.897 26.877 -5813.439 
7/10/2002 As t-As Cd t-Cd Cu t-Cu Fe t-Fe 
NFAF-U 0.151 0.151 0.094 1.153 0.104 2.526 2.675 76.992 
L-1 0.006 0.006 0.002 0.004 0.001 0.032 0.109 0.387 
R-1 0.011 0.045 0.070 0. 112 0.013 0.184 0.360 17.256 
R-2 0.001 0.001 0.007 0.01 I 0.001 0.015 0.039 0.334 
R-3 0.007 0.011 0.025 0.037 0.008 0.030 0.198 1.092 
R-4 0.001 0.001 0.004 0.006 0.003 0.005 0.067 0.071 
NFAF-L 0.343 0.388 0.484 0.653 0.571 1.521 8.411 76.430 
Net flux 0.165 0.173 0.281 -0.670 0.441 -1.270 4.962 -19.701 
7/10/2002 Mn t-Mn Pb t-Pb Zn t-Zn 
NFAF-U 1.394 4.590 0.552 3.736 3.031 605.890 
L-1 0.101 0.113 0.010 0.019 0.040 1.510 
R-1 0.371 0.785 0.034 0. 15 I 8.780 15.590 
R-2 0.024 0.033 0.003 0.018 0.812 2.283 
R-3 0.089 0. 114 0.022 0.090 2.665 6.907 
R-4 0.003 0.004 0.014 0.044 0.300 0.544 
NFAF-L 5.263 5.493 1.380 6.346 40.422 108.321 
Net flux 3.281 -0.146 0.744 2.287 24.794 -524.403 
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Table E.1. Metals loadin g rates, in mg/sec; net flux is the loading rate flux that enters 
(+) or leaves(-) the North Fork --- Continued. 
8/19/2002 As t-As Cd t-Cd Cu t-Cu Fe t-Fe 
NFAF -U 0.094 0.107 0.072 0.218 0.149 2.406 1.460 18.485 
L-1 0.007 0.008 0.004 0.006 0.003 0.032 0.088 1.170 
R-1 0.002 0.011 0.018 0.031 0.004 0.031 0.169 2. 152 
R-2 0.001 0.001 0.007 0.007 0.001 0.016 0.036 0.532 
R-3 0.003 0.004 0.007 0.013 0.002 0.011 0. 127 0.510 
NFA F-L 0. 153 0.153 0.158 0.201 0.268 0.952 4.246 20.192 
Net flux 0.046 0.021 0.050 -0.075 0.108 -1.545 2.366 -2.658 
8/19/2002 Mn t-Mn Pb t-Pb Zn t-Zn 
NFAF-U 0.678 1.654 0.438 0.944 4.563 108.580 
L-1 0. 116 0.199 0.019 0.033 0. 198 3.081 
R-1 0.134 0.161 0.017 0.040 2.340 4.639 
R-2 0.043 0.054 0.005 0.009 0.931 1.203 
R-3 0.062 0.081 0.014 0.038 0.710 2.774 
NFAF-L 1.798 2.342 0.642 1.117 14.523 44.461 
Net flux 0.765 0.194 0.150 0.054 5.780 -75.816 
9/14/2002 As t-As Cd t-Cd Cu t-Cu Fe t-Fe 
NFAF-U 0. 114 0.287 0.076 0.440 0.063 1.375 1.002 31.760 
L-1 0.004 0.007 0.001 0.006 0.000 0.019 0.030 0.623 
R-1 0.003 0.012 0.023 0.035 0.003 0.050 0.080 2.415 
R-2 0.002 0.009 0.012 0.021 0.002 0.039 0.059 1.575 
R-3 0.004 0.008 0.011 0.018 0.007 0.015 0.108 0.679 
NFAF-L 0. 126 0.169 0.101 0.130 0.139 1.012 1.905 31.197 
Net flux 0.000 -0.154 -0.024 -0.390 0.064 -0.486 0.626 -5.856 
9/14/2002 Mn t-Mn Pb t-Pb Zn t-Zn 
NFAF-U 0.927 2.200 0.282 1.318 3.695 381.020 
L-1 0.054 0.084 0.003 0.015 0.046 3.720 
R-1 0.266 0.333 0.035 0.050 2.720 6.641 
R-2 0.115 0.132 0.009 0.042 l.536 5.458 
R-3 0.110 0.117 0.011 0.118 1.271 2.865 
NFAF-L 1.617 2.098 0.304 1.424 7.720 25.728 
Net flux 0.145 -0.768 -0.037 -0.119 -1.547 -373.975 
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Table E.1. Metals loading rates, in mg/sec; net flux is the loading rate flux that enters 
( +) or leaves (-) the North Fork --- Continued. 
10/15/2002 As t-As Cd t-Cd Cu t-Cu Fe t-Fe 
NFAF -U 0.065 0.348 0.043 0.304 0.020 2.01] 0.414 27.951 
L-1 0.005 0.013 0.002 0.004 0.001 0.029 0.037 0.792 
R-1 0.001 0.005 0.004 0.005 0.001 0.009 0.025 0.607 
R-2 0.006 0.027 0.033 0.039 0.007 0.077 0.141 1.494 
R-3 0.002 0.006 0.003 0.004 0.001 0.008 0.030 0.424 
NFAF-L 0.119 0.263 0.061 0.103 0.076 0.721 1.968 18.832 
Net flux 0.040 -0.136 -0.024 -0.254 0.046 -1.412 1.320 -12.436 
10/15/2002 Mn t-Mn Pb t-Pb Zn t-Zn 
NFAF-U 0.619 1.375 0.043 0.813 4.421 267.175 
L-1 0.096 0.140 0.005 0.031 0.187 2.681 
R-1 0.066 0.078 0.003 0.008 0.517 1.448 
R-2 0.155 0.155 0.018 0.052 4.592 12.695 
R-3 0.040 0.052 0.002 0.065 0.382 1.163 
NFAF-L 2.018 2.434 0.095 0.409 7.922 40.266 
Net flux 1.042 0.634 0.025 -0.560 -2.177 -244.895 
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Figure F.1. XRD diffraction patterns of tailings sample. 
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Figure F.2. XRD diffraction pattern of oriented sample after oven heating, note the 
absence of a prominent peak at 12.4 degrees, which can be seen in the lower diffraction 
pattern in Figure F. l. 
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Table G.1. PHREEQC saturation index calculation results for June surface water 
samples. 
NFAF-U 
Mineral Name Saturation Index Mineral Formula 
Birnessite 9.71 MnO2 
Bixbyite 11.98 Mn2O3 
Boehmite 0.76 AIOOH 
Ca-Nontronite 23.55 Fe2Al.33Si3.67O I 0(OH)2Ca0. l 65 
CupricF errite 12.37 CuFe2O4 
CuprousFerrite 2.57 CuFeO2 
Diaspore 2.59 AlOOH 
Fe(OH)2. 7CI0.3 6.47 Fe(OH)2. 7CI0.3 
Ferrihydrite l.84 Fe(OH)3 
Gibbsite 0.76 Al(OH)3 
Goethite 5.69 FeOOH 
Halloysite 1.44 Al2Si2O5(OH)4 
Hausmannite 5.18 Mn3O4 
Hematite 16.32 Fe2O3 
Kaolinite 4.87 Al2Si2O5(OH)4 
Leonhardite 10.87 Ca2Al4Si8O24:7H2O 
Lepidocrocite 5.36 FeOOH 
Maghemite 7.08 Fe2O3 
Magnetite 6.14 Fe3O4 
Manganite 6.21 MnOOH 
Mg-Ferrite 6.18 MgFe2O4 
Mg-Nontronite 23.21 Fe2Al.33Si3.67O I 0(OH)2Mg0.165 
Montmorillonite 5.51 Mg0.485Fe .22AI I. 71 Si3.8 l O I 0(OH)2 
Na-Nontronite 16.28 Fe2Al.33Si3.67O I 0(OH)2Na0.33 
Nsut ite 10.30 MnO2 
Pyrolusite 10.85 MnO2 
Pyrophyllite 4.66 Al2Si4O I 0(OH)2 
ZnSiO3 0.38 ZnSiO3 
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Table G.1. PHREEQC saturation index calculation results for June surface water 
samples --- Continued. 
NFAF-L 
Mineral Name Saturation Index Mineral Formula 
Boehmite 0.97 AlOOH 
Birnessite 10.05 MnO2 
Bixbyite 12.96 Mn2O3 
Ca-Nontronite 24. 18 Fe2Al.33Si3.67O I 0(OH)2Ca0. I 65 
Calcite 0.02 CaCO3 
CupricFerrite 12.78 CuFe2O4 
CuprousFerrite 2.77 CuFeO2 
Diaspore 2.79 AIOOH 
Fe(OH)2. 7Cl0.3 6.57 Fe(OH)2. 7Cl0. 3 
Ferrihydrite 2.05 Fe(OH)3 
Gibbsite 0.96 Al(OH)3 
Goethite 5.95 FeOOH 
Halloysite l.85 Al2Si2O5(OH)4 
Hausmannite 7.23 Mn3O4 
Hematite 16.85 Fe2O3 
Kaolinite 5.27 Al2Si2O5(OH)4 
Laumontite 0.03 CaAl2Si4O12:4H2O 
Leonhardite 13.02 Ca2Al4Si8O24:7H2O 
Lepidocrocite 5.57 FeOOH 
Maghemite 7.50 Fe2O3 
Magnetite 7.03 Fe3O4 
Manganite 6.67 MnOOH 
Mg-Ferrite 7.48 MgFe2O4 
Mg-Nontronite 23.84 Fe2Al.33Si3.67O I 0(OH)2Mg0. I 65 
Montmorillonite 6.14 Mg0.485Fe .22All .7 I Si3.81O10(OH)2 
Na-Nontronite 16.77 Fe2Al.33Si3.67O I 0(OH)2Na0 .33 
Nsutite 10.64 MnO2 
Pyrolusite 11.30 MnO2 
Pyrophyllite 4.97 Al2Si4O10(OH)2 
ZnSiO3 1.61 ZnSi03 
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Table G.1. PHREEQC saturation index calculation results for June surface water 
samples --- Continued. 
L-1 
Mineral Name Saturation Index Mineral Formula 
Aragonite 0.22 CaCO3 
Birnessite 8.30 MnO2 
Bixbyite l0.91 Mn2O3 
Boehmite 0.89 AlOOH 
Ca-Nontronite 24.22 Fe2Al.33Si3 .67O I 0(OH)2Ca0. I 65 
Calcite 0.37 CaCO3 
CupricFe 1Tite 12.76 CuFe2 O4 
CuprousF errite 2.84 CuFeO2 
Diaspore 2.65 AlOOH 
Dolomite 0.62 CaMg(CO3)2 
Fe(OH)2. 7Cl0.3 6.56 Fe(OH)2. 7Cl0.3 
Ferrihydr ite 1.96 Fe(OH)3 
Gibbsite 0.78 Al(OH)3 
Goethite 6.12 FeOOH 
Halloysite 1.64 Al2Si2O5(OH)4 
Hausmannite 7. 14 Mn3O4 
Hematite 17.21 Fe2O3 
Kaolinite 4.98 Al2Si2O5(OH)4 
Laumontite 0.05 CaA l2Si4O1 2:4 H2O 
Leonhardite 12.79 Ca2Al4Si8O24:7H2O 
Lepidocrocite 5.48 FeOOH 
Maghemite 7.32 Fe2O3 
Magnetite 8.08 Fe3O4 
Manganite 5.51 MnOOH 
Mg-Ferrite 8.38 MgFe2O4 
Mg-Nontronite 23.91 Fe2Al.33Si3.67O10(OH)2Mg0.165 
Montmorillonite 5.55 Mg0.485Fe.22Al 1. 71 Si3.8 l O l 0(OH)2 
Na-Nontronit e 16.90 Fe2Al.33Si3.67O l 0(OH)2Na0 .33 
Nsutite 8.89 MnO2 
Pyrolusite 10.06 MnO2 
Pyrophyllite 4.3 1 Al2Si4O10(OH)2 
ZnSi03 0.78 ZnSiO3 
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Table G.1. PHREEQC saturation index calculation results for June surface water 
samples --- Continued. 
R-1 
Mineral Name Saturation Index Mineral Formula 
Al4(OH) I 0SO4 1.17 Al4(OH) I 0SO4 
Birnessite 8.35 MnO2 
Bixbyite 9.87 Mn2O3 
Boehmite 1.11 AIOOH 
Ca-Non tronite 22.28 Fe2Al.33Si3.67O I 0(OH)2Ca0.165 
CupricF eITite 10.25 CuFe2O4 
CuprousFeITite 1.34 CuFeO2 
Diaspore 2.92 AIOOH 
Fe(OH)2. 7CI0.3 5.76 Fe(OH)2.7CI0.3 
F errihydrite 0.96 Fe(OH)3 
Gibbsite 1.07 Al(OH)3 
Goethite 4.92 FeOOH 
Halloysite 2.34 Al2Si2O5(OH)4 
Hausmannite 3.24 Mn3O4 
Hematite 14.78 Fe2O3 
Kaolinite 5.74 Al2Si2O5(OH)4 
Leonhardite 11.54 Ca2Al4Si8O24:7H2O 
Lepidocrocite 4.48 FeOOH 
Maghemite 5.32 Fe203 
Magnetite 4.05 Fe3O4 
Manganite 5. 10 MnOOH 
Mg-feITite 4.13 Mgfe2O4 
Mg-N ontroni te 21.96 Fe2Al.33Si3.67O I 0(OH)2Mg0.165 
Montmorillonite 5.81 Mg0.485Fe.22Al I. 71 Si3.8 IO I 0(OH)2 
N a-Nontronite 14.95 Fe2Al.33Si3.67O1 0(OH)2Na0.33 
Nsutite 8.94 MnO2 
Otavite 0.34 CdCO3 
Pyro lusite 9.71 MnO2 
Pyrophyllite 5.60 Al2Si4O10(OH)2 
ZnSiO3 1.25 ZnSi03 
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Table G.1. PHREEQC saturation index calculation results for June surface water 
samples --- Continued. 
R-2 
Mineral Name Saturation Index Mineral Formula 
Al4(0H)IOS04 0.82 Al4(0H)IOS04 
Birnessite 7.90 Mn02 
Bixbyite 9.24 Mn203 
Boehmite I.IO AIOOH 
Ca-N ontronite 22.51 Fe2Al.33Si3.670 IO(OH)2Ca0 . I 65 
CupricFerrite 10.51 CuFe204 
CuprousFerrite 1.47 CuFe02 
Diaspore 2.90 AIOOH 
Fe(OH)2.7CI0.3 5.89 Fe(OH)2 . 7CI0.3 
Ferrihydrite 1.09 Fe(OH)3 
Gibbsite 1.05 Al(OH)3 
Goethite 5.09 FeOOH 
Halloysite 2.28 Al2Si205(0H)4 
Hausmannite 2.83 Mn304 
Hematite 15.14 Fe203 
Kaolinite 5.67 Al2Si205(0H)4 
Leonhardite 11.44 Ca2Al4Si8024:7H20 
Lepidocrocite 4.61 FeOOH 
Maghemite 5.58 Fe203 
Magnetite 14.97 Fe304 
Manganite 4 .75 MnOOH 
Mg-Ferrite 4.61 MgFe204 
Mg-Nontronite 22.20 Fe2Al.33Si3.670 I O(OH)2Mg0. I 65 
Montmoril lonite 5.68 Mg0.485Fe .22Al I. 71 Si3.8 IO I O(OH)2 
Na-Nontronite 15.18 Fe2Al.33Si3 .670 I O(OH)2Na0.33 
Nsutite 8.49 Mn02 
Otavite 0.44 CdC03 
Pyrolusite 9.35 Mn02 
Pyrophyllite 5.42 Al2Si40 I O(OH)2 
ZnSi03 1.37 ZnSi03 
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Table G.1. PHREEQC saturation index calculation results for June surface water 
samples --- Continued. 
R-3 
Mineral Name Saturation Index Mineral Formula 
Al4(0H) I OS04 0.22 Al4(0H) I OS04 
Birnessite 8.40 Mn02 
Bixbyite 10.05 Mn203 
Boehmite 0.97 AIOOH 
Ca-Nontronite 23.29 Fe2Al.33Si3.670 l O(OH)2Ca0. l 65 
CupricFerrite 11.51 CuFe204 
Cupro usF eJTite 2.11 CuFe02 
Diaspore 2.78 AIOOH 
Fe(OH)2. 7CI0.3 6.20 Fe(OH)2. 7CI0.3 
FeITihydrite 1.45 Fe(OH)3 
Gibbsite 0.94 Al(OH)3 
Goethite 5.42 FeOOH 
Halloysite 2.08 Al2Si205(0H)4 
Hausmannite 3.69 Mn304 
Hematite 15.80 Fe203 
Kaolinite 5.47 Al2Si205(0H)4 
Leonhardite 11.80 Ca2A l4Si8024 :7H20 
Lepidocrocite 4.97 FeOOH 
Maghemite 6.30 Fe203 
Magnetite 5.59 Fe304 
Manganite 5.18 MnOOH 
Mg-Ferrite 5.57 MgFe204 
Mg-Nontronite 22.98 Fe2Al.33Si3.670 I O(OH)2Mg0. I 65 
Montmorillonite 5.85 Mg0.485Fe.22Al I . 7 1 Si3.8 l O I O(OH)2 
Na-Nontronite 15.96 Fe2Al.33Si3.670 I O(OH)2Na0.33 
Nsutite 8.99 Mn02 
Otavite 0.63 CdC03 
Pyrolusite 9.79 Mn02 
Pyrophyllite 5.30 Al2Si40 I O(OH)2 
ZnSi03 l.79 ZnSi03 
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Table G.1. PHREEQC saturation index calculation results for June surface water 
samples --- Continued. 
R-4 
Mineral Name Saturation Index Mineral Formula 
Al4(OH) I 0SO4 0.03 Al4(OH)I0SO4 
Birnessite 7.63 MnO2 
Bixbyite 8.88 Mn2O3 
Boehmite 1.09 AIOOH 
Ca-Nontro nite 24.06 Fe2Al.33Si3.67O I 0(OH)2Ca0. l 65 
Cup ricF etTite 12.82 CuFe2O4 
CuprousfetTite 3. 16 CuFeO2 
Diaspore 2.88 AlOOH 
Fe(OH)2.7CI0.3 6.43 Fe(OH)2. 7CI0.3 
FetTihydrite 1.71 Fe(OH)3 
Gibbsite 1.03 Al(OH)3 
Goethite 5.75 FeOOH 
Halloysite 2.35 Al2Si2O5(OH)4 
Hausmannite 2.71 Mn3O4 
Hematite 16.46 Fe2O3 
Kaolinite 5.72 Al2Si2O5(OH)4 
Laumontite 0 .08 CaA12Si4O l 2:4H2O 
Leonhardite 12.98 Ca2A l4Si8O24 :7H2O 
Lepidocrocite 5.23 FeOOH 
Maghemite 6.82 Fe2O3 
Magnetite 6.71 Fe3O4 
Manganite 4.56 MnOOH 
Mg-FetTite 6.59 MgFe2O4 
Mg-Nontronite 23.74 Fe2Al.33Si3.67O I 0(OH)2Mg0. I 65 
Montmorillonite 6.21 Mg0.485Fe.22AI 1.71 Si3.8 I OI0(OH)2 
Na-Nontronite 16.74 Fe2Al.33Si3.67O I 0(OH)2Na0.33 
Nsutite 8.22 MnO2 
Otavite 1.27 CdCO3 
Pyrolusite 9.15 MnO2 
Pyrophyllite 5.51 Al2Si4O1 0(OH)2 
Willernite 0.11 Zn2SiO4 
ZnCO3:H2O 0.11 ZnCO3:H2O 
ZnSi03 2.65 ZnSiO3 
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Table G.1. PHREEQC saturation index calculation results for June surface water 
samples --- Continued. 
R-5 
Mineral Name Saturation Index Mineral Formula 
Birnessite 5.79 Mn02 
Bixbyite 6.40 Mn203 
Boehmite 1.28 AIOOH 
Ca-Nontronite 23.60 Fe2Al.33Si3.670 l O(OH)2Ca0. l 65 
CupricF errite 12.25 Cufe204 
CuprousfeITite 2.88 Cufe02 
Diaspore 3.02 AIOOH 
Fe(OH)2. 7CI0.3 6.20 Fe(OH)2 .7C I0.3 
FeITihydrite 1.42 Fe(OH)3 
Gibbsite 1.14 Al(OH)3 
Goethite 5.67 FeOOH 
Halloysite 2.63 Al2Si205(0H)4 
Hausmannite 1.40 Mn304 
Hematite 16.32 Fe203 
K-Nontronite 17.28 Fe2Al.33Si3.670 IO(OH)2K0.33 
Kaolinite 5.95 Al2Si205(0H)4 
Laumontite 0.26 CaA12Si4012:4H20 
Leonhardite 13.11 Ca2Al4Si8024:7H20 
Lepidocrocite 4.94 FeOOH 
Maghemite 6.24 Fe203 
Magnetite 6.91 Fe304 
Manganite 3.21 MnOOH 
Mg-Ferrite 6.55 MgFe204 
Mg-Nontronite 23.28 Fe2Al.33Si3.670 I O(OH)2Mg0 . l 65 
Montmorillonite 5.84 Mg0.485Fe .22AI 1. 71 Si3.8 l O I O(OH)2 
Muscovite 7.21 KAl3Si3010(0H)2 
Na-Nontronite 16.30 Fe2Al.33Si3.670 I O(OH)2Na0 .33 
Nsutite 6.38 Mn02 
Otavite 1.28 CdC03 
Pyrolusite 7.73 Mn02 
Pyrophyllite 5.37 Al2Si4010(0H)2 
Willemite 0.00 Zn2Si04 
ZnC03:H20 0.04 ZnC03:H20 
ZnSi03 2.66 ZnSi03 
180 
Table G.2. PHREEQC saturation index calculation results for October surface water 
samples. 
NFAF-L NFAF-U 
Mineral Saturation Mineral Mineral Saturation Mineral 
Phase Index Formula Phase Index Formula 
Birnessite l 1.35 MnO2 Ba3(AsO4)2 6.18 Ba3(AsO4)2 
Bixbyite 13.86 Mn203 Birnessite 10.42 MnO2 
CupricF etTite 10.31 CuFe2O4 Bixbyite 12.55 Mn2O3 
CuprousFetTite 0.80 CuFeO2 CupricFen-ite 9.22 CuFe2O4 
Fen-ihydrite l.48 Fe(OH)3 CuprousFen-ite 0.19 CuFeO2 
Goethite 5.11 FeOOH Ferrihydrite 1.01 Fe(OH)3 
Hausmannite 5.36 Mn3O4 Goethite 4.73 FeOOH 
Hematite 15.12 Fe203 Hausmannite 4.48 Mn3O4 
Lepidocrocite 5.00 FeOOH Hematite 14.38 Fe2O3 
Maghemite 6.36 Fe2O3 Lepidocrocite 4.53 FeOOH 
Manganite 7.27 MnOOH Maghemite 5.42 Fe2O3 
Mg-Fen-ite 4.55 MgFe2O4 Magnetite 2.94 Fe3O4 
Nsutite 11.94 Mn02 Manganite 6.56 MnOOH 
Pyrolusite 12.04 MnO2 Mg-Ferrite 4 .03 MgFe2O4 
ZnSiO3 0.66 ZnSiO3 Nsutite 11.00 MnO2 
Pyrolusite l 1.30 MnO2 
ZnSiO3 0.7 1 ZnSiO3 
L-1 R-1 
Mineral Saturation Mineral Mineral Saturation Mineral 
Phase Index Formula Phase Index Formula 
Birnessite 10.40 MnO2 Ba3(AsO4)2 6.79 Ba3(AsO4)2 
Bixbyite 12.76 Mn2O3 Barite 0.22 BaSO4 
CupricFen-ite 9.53 CuFe2O4 Birnessite 11.03 MnO2 
CuprousF errite 0.41 CuFeO2 Bixbyite 13.77 Mn2O3 
Fe(OH)2 . 7CI0.3 5.49 Fe(OH)2. 7Cl0.3 CupricFen-ite 10.70 CuFe2O4 
F errihydri te I.I I Fe(OH)3 CuprousFerrite 1.19 CuFeO2 
Goethite 4.87 FeOOH Fen-ihydrite 1.50 Fe(OH)3 
Hausmannite 5.27 Mn3O4 Goethite 5.22 FeOOH 
Hematite 14.67 Fe2O3 Hausmannite 6.28 Mn3O4 
Lepidocrocite 4.63 FeOOH Hematite 15.35 Fe2O3 
Maghemite 5.62 Fe2O3 Lepidocrocite 5.02 FeOOH 
Magnetite 3.45 Fe3O4 Maghemite 6.40 Fe2O3 
Manganite 6.64 MnOOH Magnetite 4.40 Fe3O4 
Mg-Ferrite 4.35 MgFe2O4 Manganite 7.17 MnOOH 
Nsutite 10.99 MnO2 Mg-Ferrite 4 .75 MgFe2O4 
Pyrolusite 11.36 MnO2 Nsutite 11.62 MnO2 
ZnSi03 0.42 ZnSi03 Otavite 0.49 CdCO3 
Pyrolusite 11.90 MnO2 
ZnSiO3 1.38 ZnSiO3 
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Table G.2. PHREEQC saturation index calculation results for October surface water 
samples --- Continued. 
R-2 R-3 
Mineral Phase Saturation Mineral Mineral Phase Saturation Mineral Index Formula Index Formula 
Ba3(AsO4)2 6.40 Ba3(AsO4)2 Ba3(AsO4)2 7.63 Ba3(AsO4)2 
Barite 0.22 BaSO4 Barite 0.20 BaSO4 
Birnessite 10.07 MnO2 Birnessite 9.61 MnO2 
Bixbyite 11.99 Mn2O3 Bixbyite 11.94 Mn2O3 
Cupricfen-ite 0.73 CuFe2O4 CupricF e1Tite l l.52 CuFe2O4 
CuprousfeITite 0.73 CufeO2 Cuprousferrite 1.95 CufeO2 
Ferrihydrite 1.06 Fe(OH)3 Ferrihydrite 1.59 Fe(OH)3 
Goethite 4.79 FeOOH Goethite 5.48 FeOOH 
Hausmannite 3.74 Mn3O4 Hausmannite 5.53 Mn3O4 
Hematite 14.49 Fe2O3 Hematite 15.90 Fe2O3 
Lepidocrocite 4.58 FeOOH Lepidocrocite 5.11 FeOOH 
Maghemite 5.52 Fe2O3 Maghemite 6.58 Fe2O3 
Magnetite 3.17 Fe3O4 Magnetite 5.56 Fe3O4 
Manganite 6.28 MnOOH Manganite 6.17 MnOOH 
Mg-Ferrite 3.62 MgFe2O4 Mg-Ferrite 5.48 MgFe2O4 
Nsutite 10.66 MnO2 Nsutite 10.20 MnO2 
Otavite 0.41 CdCO3 Otavite 0.50 CdCO3 
Pyrolusite 10.96 MnO2 Pyrolusite 10.83 MnO2 
ZnSiO3 1.16 ZnSiO3 ZnSiO3 1.42 ZnSiO3 
Table G.3. PHREEQC saturation index calculation results for June well water samples. 
W-2 
Mineral Name Saturation Index Mineral Formula 
Birnessite 7.15 MnO2 
Bixbyite 7.40 Mn2O3 
CupricF errite 5.75 Cufe2O4 
Fe(OH)2. 7CI0.3 3.86 Fe(OH)2 . 7CI0.3 
Ferrihydrite -1.07 Fe(OH)3 
Goethite 2.85 FeOOH 
Hematite 10.66 Fe2O3 
Lepidocrocite 2.45 FeOOH 
Maghemite 1.26 Fe2O3 
Manganite 3.88 MnOOH 
Otavite 0.30 CdCO3 
Pyrolusite 8.44 MnO2 
Quartz 0.03 SiO2 
ZnSiO3 0.59 ZnSiO3 
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Table G.3. PHREEQC saturation index calculation results for June well water samples 
---Continued. 
W-1 
Mineral Name 
Al4(OH)l0SO4 
Boehmite 
Birnessite 
Bixbyite 
Ca-Nontronite 
CupricF errite 
Cuprousfen- ite 
Diaspore 
Fe(OH)2.7Cl0.3 
Ferrihydrite 
Gibbsite 
Goethite 
Halloysite 
Hausmannite 
Hematite 
K-Nontronite 
Kaolinite 
Leonhardite 
Lepidocrocite 
Maghemite 
Magnetite 
Manganite 
Mg-Ferrite 
Mg-Nontronite 
Microcline 
Montmorillonite 
Muscovite 
Na-Nontronite 
Nsutite 
Otavite 
Pyrolusite 
Pyrophyllite 
Quartz 
ZnSiO3 
W-3 
Mineral Name 
Anglesite 
Ferrihydrite 
Quartz 
Saturation Index 
0.61 
1.13 
6.08 
6.48 
21.00 
9.02 
1.04 
2.90 
5. 17 
0.09 
1.04 
4.23 
2.56 
0.32 
13.43 
14.88 
5.90 
11.58 
3.61 
3.58 
2.42 
3.31 
2.60 
20.68 
0. 12 
5.46 
7.33 
14.29 
6.67 
0.72 
7.80 
5.68 
0.03 
1.71 
Saturation Index 
0.38 
-9.75 
0.33 
Mineral Formula 
Al4(OH) l 0SO4 
AlOOH 
MnO2 
Mn203 
Fe2Al.33Si3.67O1 0(OH)2Ca0. l 65 
Cufe2O4 
CufeO2 
AIOOH 
Fe(OH)2. 7CI0.3 
Fe(OH)3 
Al(OH)3 
FeOOH 
Al2Si2O5(OH)4 
Mn3O4 
Fe203 
Fe2Al.33Si3.67O I 0(OH)2K0.33 
Al2Si2O5(OH)4 
Ca2A l4Si8O24 :7H2O 
FeOOH 
Fe203 
Fe3O4 
MnOOH 
Mgfe2O4 
Fe2Al.33Si3.67O1 0(OH)2Mg0. l 65 
KA!Si3O8 
Mg0.485Fe .22A l 1.7 1 Si3.8 l OJ0(OH)2 
KAl3Si3O10(OH)2 
Fe2Al.33Si3.67O l 0(OH)2Na0.33 
MnO2 
CdC03 
MnO2 
Al2Si4O1 0(OH)2 
SiO2 
ZnSi03 
Mineral Formula 
PbSO4 
Fe(OH)3 
SiO2 
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Table G.3. PHREEQC saturation index calculation results for June well water samples 
--- Continued. 
W-4 
Mineral Name Saturation Index Mineral Formula 
Al4(OH) I 0SO4 3.00 Al4(OH) 1 0SO4 
Birnessite 6.02 MnO2 
Bixb yite 5.45 Mn2O3 
Boehmite 1.00 AlOOH 
Ca-Nontronite 17.60 Fe2Al.33Si3.67O1 0(OH)2Ca0 . l 65 
Cupricf errite 5.18 CuFe2O4 
Diaspore 2.80 AIOOH 
Fe(OH)2.7CI0.3 3.55 Fe(OH)2 .7CI0.3 
Ferrih ydrite -1.49 Fe(OH)3 
Gibbsite 0.96 Al(OH)3 
Goethite 2.49 FeOOH 
Hallo ysite 2.42 Al2Si2O5(OH)4 
Hematite 9.93 Fe2O3 
Kaolinite 5.81 Al2Si2O5(OH)4 
Leonhardite 8.64 Ca2Al4Si8O24: 7 H2O 
Lepidocrocite 2.03 FeOOH 
Maghemite 0.42 Fe2O3 
Mangan.ite 2.88 MnOOH 
Mg-Nontronite 17.29 Fe2Al.33Si3.67O1 O(OH)2Mg0 . l 65 
Montmorillonite 4.73 Mg0.485Fe.22Al 1. 71 Si3.8 l O 1 0(OH)2 
Na-Nontron.ite 10.47 Fe2Al.33Si3.67O1 0(OH)2Na0 .33 
Nsutite 6.61 MnO2 
Otavite 0.38 CdCO3 
Pyrolusite 7.42 MnO2 
Pyrophyllite 5.94 Al2Si4O I 0(OH)2 
Quartz 0.08 SiO2 
ZnSiO3 0.88 ZnSiO3 
W-5 
Mineral Name Saturation Index Mineral Formula 
Anglesite 0.18 PbSO4 
Anilite 4.50 Cu0 .25Cu l .5S 
Blaubleil 0.53 Cu0.9Cu0.2S 
BlaubleiII 1.53 Cu0.6C u0.8S 
Chalcedony 0.05 SiO2 
Chalcocite 5.58 Cu2S 
Cove llite 0.58 CuS 
Cristobalite 0.13 SiO2 
Cuprousferrite 0.43 CufeO2 
Djurleite 5.32 Cu0.066Cu l.868S 
Ferrihydrite -9.94 Fe(OH)3 
Quartz 0.56 SiO2 
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Table G.3. PHREEQC saturation index calculation results for June well water samples 
--- Continued. 
W-6 
Mineral Name 
Anglesite 
Ba rite 
Ca-No ntronit e 
Cha lcedony 
Cristobalite 
CuprousF errite 
FetTihydrite 
Mg-Nontronite 
Qua11z 
W-7 
Mineral Name 
Al4(OH) l0SO4 
Al unite 
Birnessite 
Bixbyite 
Boehmite 
Ca-Nontronite 
Cerrusite 
CupricFerrite 
Cupro usFerr ite 
Diaspore 
Fe(OH)2.7CI0.3 
Ferrihydri te 
Gibbs ite 
Goet hite 
Halloysite 
Hausmannit e 
Hematite 
K-Nontronite 
Kaolinite 
Leonhardite 
Lepidocrocite 
Maghemite 
Manganite 
Mg-Nontronite 
Montmorillonite 
Muscovite 
Na-Nontronite 
Nsutite 
Pyrophyllite 
Pyrolusite 
ZnSiO3 
Saturation Index 
0. 17 
l.78 
4. 14 
0. 12 
0.20 
1.55 
-7.85 
3.81 
0.63 
Satura tion Index 
1.83 
1.84 
5.37 
5.80 
1.23 
17.39 
0.13 
6.60 
0.2 1 
2.97 
3.47 
-1.50 
1.09 
2.77 
2.53 
0.83 
10.53 
11.07 
5.83 
8.59 
2.02 
0.40 
2.90 
17.08 
4.03 
5.95 
10.37 
5.95 
5.22 
7.35 
0.08 
Mineral Formula 
PbSO4 
BaSO4 
Fe2Al.33Si3.67O I 0(OH)2Ca0 . l 65 
SiO2 
SiO2 
CuFeO2 
Fe(OH)3 
Fe2Al.33Si3.67O1 0(OH)2Mg0. I 65 
SiO2 
Mineral Formula 
Al4(OH) I0SO4 
KA13(SO4)2(OH)6 
MnO2 
Mn203 
AIOOH 
Fe2Al.33Si3.67O I 0(OH )2Ca0. l 65 
PbC03 
CuFe2O4 
CuFeO2 
AIOOH 
Fe(OH)2. 7CI0.3 
Fe(OH)3 
Al(OH)3 
FeOOH 
Al2Si2O5(OH)4 
Mn3O4 
Fe203 
Fe2Al.33Si3.6 7O I 0(OH)2K0 .33 
Al2Si2O5(OH)4 
Ca2A l4Si8O24 :7H2O 
FeOOH 
Fe2O3 
MnOOH 
Fe2Al.33Si3 .67O10(OH)2Mg0 . 165 
Mg0.485Fe.22Al 1. 71 Si3.8 l O 1 0(OH)2 
KAl3Si3O10(OH)2 
KAl3Si3O10(OH)2 
MnO2 
Al2Si4O10(OH)2 
MnO2 
ZnSiO3 
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Table G.3. PHREEQC saturation index calculation results for June well water samples 
--- Continued . 
W-8 
Mineral Name Saturation Index Mineral Formula 
Ca-Nontronite 0.77 Fe2Al.33Si3 .67O10(OH)2Ca0. I 65 
Chalcocite 0.85 Cu2S 
CuprousFerrite 1.57 CufeO2 
Djurleite 0.6 I Cu0.066Cu l.868S 
Ferrihydrite -8.62 Fe(OH)3 
Mg-Nontronite 0.45 Fe2Al.33Si3.67O I 0(OH)2Mg0 . l 65 
Quartz 0.36 SiO2 
W-9 
Mineral Name Saturation Index Mineral Formula 
Al4(OH)I0SO4 1.25 Al4(OH) l 0SO4 
Al unite 0.94 KAl3(SO4)2(OH)6 
Boehmite 0.86 AlOOH 
Birnessite 7.99 MnO2 
Bixbyite 8.92 Mn2O3 
Ca-Nontronite 20.60 Fe2Al.33Si3 .67O l 0(OH)2Ca0. l 65 
CupricFerrite 8.48 CuFe2O4 
CuprousF errite 0.48 CufeO2 
Diaspore 2.69 AIOOH 
Fe(OH)2. 7CI0.3 5.37 Fe(OH)2.7CI0 .3 
FerTihydrite 0.1 l Fe(OH)3 
Gibbsite 0.85 Al(OH)3 
Gocthite 4.01 FeOOH 
Halloysite l.98 Al2Si2O5(OH)4 
Hausmannite 1.18 Mn3O4 
Hematite 12.96 Fe203 
K-Nontronite 14.63 Fe2Al.33Si3 .67O10(OH)2K0.33 
Kaolinite 5.40 Al2Si2O5(OH)4 
Leonhardite 10.24 Ca2A l4Si8O24:7H2O 
Lepidocrocite 3.63 FeOOH 
Maghemite 3.62 Fe2O3 
Magnetite 1.25 Fe3O4 
Manganite 4.65 MnOOH 
Mg-Ferrite 1.83 MgFe2O4 
Mg-Nontronite 20.28 Fe2Al.33Si3.67O l 0(OH)2Mg0. l 65 
Microcline 0.23 KA!Si3O8 
Montmorillonite 5.36 Mg0.485Fe.22Al 1.71Si3.81010(0H)2 
Muscovite 7.05 KAl3Si3O10(OH)2 
Na-Nontronite 14.08 Fe2Al.33Si3.67O I 0(OH)2Na0.33 
Nsutite 8.58 MnO2 
Pyrolusite 9.22 MnO2 
Pyrophyllite 5.47 Al2Si4O10(OH)2 
ZnSiO3 0.72 ZnSi03 
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Table G.3. PHREEQC saturation index calculation results for June well water samples 
--- Continued . 
W-10 
Mineral Name Saturation Index Mineral Formula 
Al4(OH)l0SO4 4.77 Al4(OH)I0SO4 
Ba3(As O4)2 6.09 Ba3(AsO4)2 
Barite 0.48 BaSO4 
Birnessite 7.64 MnO2 
Bixbyite 7.68 Mn2O3 
Boehmite 1.09 AIOOH 
Ca-Nontronite 21.21 Fe2Al.33Si3 .67O I 0(OH)2Ca0 . I 65 
Cerrusite 0.40 PbCO3 
CupricF errite 8.86 CuFe2O4 
Cuprou sF errite 0.50 CuFeO2 
Diaspore 2.94 AIOOH 
Fe(OH)2 . 7CI0.3 5.54 Fe(OH)2 . 7CI0.3 
Ferrihydrite 0.51 Fe(OH)3 
Gibbsite 1.12 Al(OH)3 
Goethite 4.29 FeOOH 
Halloysite 2.53 Al2Si2O5(OH)4 
Hematite 13.51 Fe2O3 
Kaolinite 5.98 Al2Si2O5(OH)4 
Leonhardite 8.07 Ca2Al4Si8O24:7H2O 
Lepidocrocite 4.03 FeOOH 
Maghemite 4.42 Fe203 
Magnetite l.92 Fe3O4 
Manganite 4.09 MnOOH 
Mg-Ferrite 0.51 MgFe2O4 
Mg-Nontronite 20.89 Fe2Al.33Si3.67O I 0(OH)2Mg0. l 65 
Montmorillonite 5.37 Mg0.485Fe .22Al I. 71 Si3.8 IO I 0(OH)2 
Na-Nontronite 13.96 Fe2Al.33Si3 .67O10(OH)2Na0.33 
Nsutite 8.23 MnO2 
Otavite 0.50 CdCO3 
Pyrolusite 8.64 MnO2 
Pyrophyllite 6.28 Al2Si4O I 0(OH)2 
Quartz 0.01 SiO2 
ZnSi03 0.40 ZnSiO3 
Table G.4. PHREEQC saturation index calculation results for October well water 
samples. 
W-2 
Mineral Name Saturation Index Mineral Formula 
Ba3(AsO4)2 7.73 Ba3(AsO4)2 
Barite 0.05 BaSO4 
Birnessite 7.78 MnO2 
Bixbyite 9.49 Mn2O3 
Cupricferrite 11.39 Cufe2O4 
Cuprousf errite 2.97 CufeO2 
Fe(OH)2. 7CI0.3 5.02 Fe(OH)2. 7CI0.3 
Fen-ihydrite 0.48 Fe(OH)3 
Goethite 4.56 FeOOH 
Hausmannite 4.16 Mn3O4 
Hematite 14.09 Fe2O3 
Lepidocrocite 4 .00 FeOOH 
Maghemite 4 .36 Fe203 
Magnetite 3.28 Fe3O4 
Mg-FeITite 3.71 MgFe2O4 
Manganite 4.84 MnOOH 
Nsutite 8.37 MnO2 
Otavite 0.50 CdC03 
Pyrolusite 9.39 MnO2 
ZnSiO3 1.36 ZnSiO3 
W-7 
Mineral Name Saturation Jndex Mineral Formula 
Ba3(AsO4)2 7.48 Ba3(AsO4)2 
Barite 0.34 BaSO4 
Birnessite 7.78 MnO2 
Bixbyite 9.35 Mn203 
CupricFeITite 9.89 CuFe2O4 
CuprousFerrite 2.02 CufeO2 
Fe(OH)2 .7CI0.3 4.41 Fe(OH)2. 7CI0.3 
Ferrihydrite -0.08 Fe(OH)3 
Goethite 3.98 FeOOH 
Hausmannite 3.72 Mn3O4 
Hematite 12.93 Fe203 
Lepidocrocite 3.44 FeOOH 
Maghemite 3.24 Fe2O3 
Magnetite 1.48 Fe3O4 
Manganite 4.78 MnOOH 
Mg-FeITite 2.00 MgFe2O4 
Nsutite 8.37 Mn02 
Otavite 0.26 CdCO3 
Pyrolusite 9.36 MnO2 
ZnSiO3 1.25 ZnSiO3 
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Table G.4. PHREEQC saturation index calculation results for October well water 
samples --- Continued. 
W-8 
Mineral Name Saturation Index Mineral Formula 
Al4(0 H)IOS04 2.85 Al4(0H) 1 OS04 
Alunite 2.84 KAl3(S04)2(0H)6 
Ba3(As04)2 6.84 Ba3(As04)2 
Barite 0.71 BaS04 
Birnessite 7.43 Mn.02 
Bixbyite 8.25 Mn.203 
Boehmite 0.93 AIOOH 
Ca-Nontronite 22.22 Fe2Al.33Si3 .670 I O(OH)2Ca0 . l 65 
Cupr icF errite 10.44 CuFe204 
CuprousF errite 1.54 CuFe02 
Diaspore 2.74 AIOOH 
Fe(OH)2. 7CI0.3 .5.77 Fe(OH)2. 7CI0.3 
Ferrihydrite 0.98 Fe(OH)3 
Gibbsite 0.89 Al(OH)3 
Goethite 4.96 FeOOH 
Halloysite 2.11 Al2Si205(0H)4 
Hausmannite 1.18 Mn304 
Hematite 14.88 Fe203 
Jarosite-K 2.02 KFe3(S04)2(0H)6 
Jarosite-Na 0.04 NaFe3(S04)2(0H)6 
K-Nontronite 15.90 Fe2Al.33Si3.670 I O(OH)2K0 .33 
Kaolinite 5.5 1 Al2Si205(0H)4 
Leonhardite 7.79 Ca2Al4Si8024:7H20 
Lepidocrocite 4.50 FeOOH 
Maghemite 5.36 Fe203 
Magnetite 4.29 Fe304 
Manganite 4.27 Mn.OOH 
Mg-Ferrite 2.54 MgFe204 
Mg-Nontronite 21.9 I Fe2Al.33Si3.670 I O(OH)2Mg0. l 65 
Montmorillonite 4.85 Mg0.485Fe.22Al 1. 71 Si3.8 l O 1 O(OH)2 
Muscovite 5.46 KAl3Si3010(0H)2 
Na-Nontronite 15.44 Fe2Al.33Si3.6701 O(OH)2Na0 .33 
Nsutite 8.01 Mn.02 
Otavite 0.13 CdC03 
Pyrophyllite 5.44 Al2Si4010(0H)2 
Pyrolusite 8.84 Mn02 
ZnSi03 1.26 ZnSi03 
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Table G.4. PHREEQC saturation index calculation results for October well water 
samples --- Continued. 
W- 10 
Mineral Name Saturation Index Mineral Formula 
Ba3(AsO4)2 7.67 Ba3(AsO4)2 
Barite 0.21 BaSO4 
Birnessite 7.88 MnO2 
Bixbyite 9.24 Mn2O3 
CupricF e1Tite 11.62 Cufe2O4 
Cupro usferrite 2.02 CufeO 2 
F errihydrite 1.72 Fe(OH)3 
Goethite 5.70 FeOOH 
Hausmannite 2.71 Mn3O4 
Hematite 16.36 Fe2O3 
Lepidocrocite 5.24 FeOOH 
Maghemite 6.84 Fe2O3 
Magnetite 6.55 Fe3O4 
Manganite 4.77 MnOOH 
Mg-Fen-ite 4.95 Mgfe2O4 
Nsutite 8.47 MnO2 
Otavite 0.16 CdCO3 
Pyrolusite 9.29 MnO2 
ZnS i03 1.36 ZnSiO3 
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APPENDIX H. Speciation Distribution 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples. 
6/13/2002 
NFAF-U Molality NFAF-L Molality L-1 Molality 
As 6.41E-09 As 6.27E-09 As l .86E-08 
As(5) 6.41E-09 100% As(5) 6.27E-09 100% As(5) l.86E-08 100% 
HAsO4-2 5.93E-09 92% HAsO4-2 6.03E-09 96% HAsO4-2 1.75E-08 94% 
H2AsO4- 4.8 lE-l 0 8% H2AsO4- 2.42E-10 4% H2AsO4- l .02E-09 6% 
Cd 1.87£-09 Cd 4.81£-09 Cd l .96E-09 
Cd+2 9.58£-10 51% CdCO3 2.90£-09 60% CdC03 I .23E-09 63% 
CdCO3 7.30£-10 39% Cd+2 1.57£-09 33% Cd+2 5.3 lE-10 27% 
CdHCO3+ 1.23£-10 7% CdHCO3+ 2.46E-I0 5% CdHC03 + l.68E-I0 9% 
Cu 4.60E-08 Cu 2.98E-08 Cu 1.18£-08 
Cu(2) 4.59E-08 100% Cu(2) 2.97£-08 100% Cu(2) I . I 8E-08 100% 
Cu(OH)2 3.58E-08 78% Cu(OH)2 2.55£-08 86% Cu(OH)2 7.56E-09 64% 
CuC03 8.92£-09 19% CuCO3 3.91 E-09 13% CuCO3 3.93£-09 33% 
Cu+2 5.50E-I0 1% CuOH+ 1.03£-10 0% CuHCO3+ 9.99E-I i 1% 
Fe 4.19E-07 Fe 6.70E-07 Fe 5.38£-07 
Fe(3) 4.19E-07 100% Fe(3) 6.70E-07 100% Fe(3) 5.38E-07 100% 
Fe(OH)2+ 1.93£-07 46% Fe(OH)4- 2.93£-07 44% Fe(OH)2+ 2.07E-07 38% 
Fe(OH)3 l .35E-07 32% Fe(OH)3 2.19£-07 33% Fe(OH)3 1.78£-07 33% 
Fe(OH)4- 9.04E-08 22% Fe(OH)2+ I .58E-07 24% Fe(OH)4- l.53E-07 28% 
Mn l .58E-07 Mn 2.04£-07 Mn 4.14E-07 
Mn(2) 1.56£-07 99% Mn(2) l .86E-07 91% Mn(2) 4.0lE-07 97% 
Mn+2 I .52E-07 96% Mn+2 1.80£-07 88% Mn+2 3.80E-07 92% 
Mn(7) l.76E-09 1% Mn(7) l.75E-08 9% Mn(7) l.23E-08 3% 
MnO4- l.76E-09 1% MnO4- 1.75E-08 9% MnO4- I .23E-08 3% 
Pb 2.27E-09 Pb 3.43E-09 Pb l.55E-09 
PbCO3 2. l 3E-09 94% PbCO3 3.23E-09 94% PbC03 l .44E-09 93% 
PbOH+ 4.14E-ll 2% Pb(CO3)2-2 9.81E-l l 3% Pb(CO3)2-2 6.38E-l I 4% 
Pb+2 4.03E-l l 2% PbOH+ 5.l4E-l l 2% PbHC03+ l.80E- I l 1% 
PbHCO3+ 3.26E-l l 1% Pb+2 2.52E-l l 1% PbOH+ l.09E-l l 1% 
Zn l.56E-07 Zn 9.46E-07 Zn l.67E-07 
Zn+2 8.33E-08 53% ZnCO3 4.33E-07 46% ZnCO3 7.80E-08 47% 
ZnCO3 5.09E-08 33% Zn+2 2.93E-07 31% Zn+2 4.18E-08 25% 
ZnHCO3+ l .08E-08 7% Zn(CO3)2-2 l .12E-07 12% Zn(CO3)2-2 2.93E-08 18% 
Zn(CO3)2-2 5.32E-09 3% ZnHCO3+ 4.62E-08 5% ZnHCO3+ l.34E-08 8% 
Zn(OH)2 3.32E-09 2% Zn(OH)2 4.60E-08 5% Zn(OH)2 2.44E-09 1% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
6/13/2002 
R-1 Molality R-2 Molality R-3 Molality 
As l .32E-08 As 6.94E-09 As 1.27E-08 
As(5) l.32E-08 100% As(5) 6.94E-09 100% As(5) l.27E-08 100% 
HAsO4-2 l .02E-08 77% HAsO4-2 5.38£-09 77% HAsO4-2 l.07E-08 84% 
H2AsO4- 3.00E-09 23% H2AsO4- 1.56£-09 23% H2AsO4 l.99E-09 16% 
Cd 4.30£-08 Cd 5.06E-08 Cd 6.27£-08 
Cd+2 2.39£-08 56% Cd+2 2.69E-08 53% Cd+2 3.15E-08 50% 
CdCO3 1.03£-08 24% CdCO3 1.29E-08 25% CdCO3 2.00E-08 32% 
CdHC03+ 7. l lE-09 17% CdHCO3+ 8.90£-09 18% CdHCO3+ 8.7 IE-09 14% 
Cu 3.40E-08 Cu 2.76£-08 Cu 3.87E-08 
Cu(2) 3.39E-08 100% Cu(2) 2.75£-08 100% Cu(2) 3.87E-08 100% 
CuCO3 2.04E-08 60% CuCO3 l.71E-08 62% CuCO3 2.07£-08 54% 
Cu(OH)2 8.20E-09 24% Cu(OH)2 6.15£-09 22% Cu(OH)2 1.42£-08 37% 
CuHCO3+ 2.62E-09 8% CuHCO3+ 2.20E-09 8% CuHCO3+ l .68E-09 4% 
Cu+2 2.25E-09 7% Cu+2 l.70E-09 6% Cu+2 l.55E-09 4% 
Fe l .25E-07 Fe 1.69£-07 Fe 2.73E-07 
Fe(3) l .25E-07 100% Fe(3) l .69E-07 100% Fe(3) 2.73E-07 100% 
Fe(OH)2+ l.04E-07 83% Fe(OH)2+ l .4 IE-07 83% Fe(OH)2+ 2.03E-07 74% 
Fe(OH)3 l.78E-08 14% Fe(OH)3 2.40E-08 14% Fe(OH)3 5.50E-08 20% 
Fe(OH)4- 3.07£-09 2% Fe(OH)4- 4.15£-09 2% Fe(OH)4- l .50E-08 6% 
Mn 5.99E-07 Mn 4.29E-07 Mn 3.33E-07 
Mn(2) 5.99E-07 100% Mn(2) 4.29E-07 100% Mn(2) 3.33E-07 100% 
Mn+2 5.62E-07 94% Mn+2 4.00E-07 93% Mn+2 3.12E-07 94% 
MnHCO3+ 2.69E-08 4% MnHCO3+ 2.13E-08 5% MnHCO3+ 1.39£-08 4% 
Pb l.93E-09 Pb 4.97E-09 Pb 9.37E-09 
PbC03 l.73E-09 90% PbCO3 4.4 7E-09 90% PbCO3 8.63E-09 92% 
PbHCO3 + J.09E-10 6% PbHC03+ 2.82E-l 0 6% PbHCO3+ 3.42E-10 4% 
Pb+2 5.80E-l l 3% Pb+2 1.35£-10 3% Pb+2 l.96E-10 2% 
Pb(CO3)2-2 l.50E-l l 1% Pb(C03)2-2 4.36E-l l 1% Pb(CO3)2-2 l.09E-10 1% 
Zn 9.41£-06 Zn l.13E-05 Zn l.33E -05 
Zn+2 5.52E-06 59% Zn+2 6.32E-06 56% Zn+2 7.0lE-06 53% 
ZnC03 l.92E-06 20% ZnCO3 2.44E-06 22% ZnCO3 3.59E-06 27% 
ZnHCO3+ l.67E-06 18% ZnHC03+ 2.12£ -06 19% ZnHCO3+ l.97E-06 15% 
Zn(CO3)2-2 l.42E-07 2% Zn(CO3)2-2 2.03E-07 2% Zn(CO3)2-2 3.87E-07 3% 
ZnSO4 l .20E-07 1% ZnSO4 l.47E-07 1% ZnSO4 l.89E-07 1% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
6/13/2002 
R-4 Molality R-5 Molality 
As 2.94E-08 As 9.75E-09 
As(5) 2.94E-08 100% As(5) 9.75E-09 100% 
HAsO4-2 2.56E-08 87% HAsO4-2 7.96E-09 82% 
H2AsO4- 3.76E-09 13% H2AsO4- l.79E-09 18% 
Cd 2.46E-07 Cd 3. l 9E-07 
Cd+2 l. l 7E-07 48% Cd+2 l.64E-07 51% 
CdC03 8.84E-08 36% CdCO3 8.87E-08 28% 
CdHC03+ 3.06E-08 12% CdHCO3+ 4.87£-08 15% 
Cu l .32E-07 Cu 5.54E-08 
Cu(2) l.32E-07 100% Cu(2) 5.53E-08 100% 
CuC03 6.37E-08 48% CuCO3 3.22E-08 58% 
Cu(OH)2 5.85E-08 44% Cu(OH)2 l .63E-08 29% 
CuHCO3+ 4.09E-09 3% CuHCO3+ 3.28E-09 6% 
Cu+2 3.99E-09 3% Cu+2 2.82E-09 5% 
Fe 4.27E-07 Fe 3.0lE-07 
Fe(3) 4.27E-07 100% Fe(3) 3.0IE-07 100% 
Fe(OH)2+ 2.93E-07 69% Fe(OH)2+ 2.39E-07 79% 
Fe(OH)3 l .00E-07 23% Fe(OH)3 5.13E-08 17% 
Fe(OH)4- 3.44E-08 8% Fe(OH)4- l. l 2E-08 4% 
Mn 9.43E-08 Mn 7.76E-08 
Mn(2) 9.43E-08 100% Mn(2) 7.76E-08 100% 
Mn+2 8.81 E-08 93% Mn+2 7.13E-08 92% 
MnHCO3+ 3.69E-09 4% MnHCO3+ 3.40E-09 4% 
Pb l . 12E-07 Pb 3.08E-07 
PbC03 1.04E-07 93% PbCO3 2.80E-07 91% 
PbHCO3+ 3.28E-09 3% PbHCO3+ l .40E-08 5% 
Pb+2 l .99E-09 2% Pb+2 7.48E-09 2% 
Pb(CO3)2-2 l.56E-09 1% Pb(CO3)2-2 3.0SE-09 1% 
Zn 4.69E-05 Zn 5.12E-05 
Zn+2 2.33E-05 50% Zn+2 2.77E-05 54% 
ZnC03 l.43E-05 30% ZnCO3 1.2 IE-05 24% 
ZnHCO3+ 6.18E-06 13% ZnHCO3+ 8.35E-06 16% 
Zn(C03)2-2 1.8 lE-06 4% ZnSO4 l.37E-06 3% 
ZnSO4 7.61E-07 2% Zn(CO3)2-2 l.12E-06 2% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
10/ 15/2002 
NFAF-U Molality NFAF-L Molality L-1 Molality 
As 9.88E-09 As l. l 9E-08 As I .35E-08 
As(5) 9.88E-09 100% As(5) l . l 9E-08 100% As(5) l .35E-08 100% 
HAsO4-2 9.04E-09 92% HAsO4-2 l.08E-08 91% HAsO4-2 l .22E-08 90% 
H2AsO4- 8.35E-10 8% H2AsO4- l.04E-09 9% H2AsO4- l.33E-09 10% 
Cd 4.36E-09 Cd 4.09E-09 Cd 3.03E-09 
Cd+2 2.18E-09 50% Cd+2 2. l4E-09 52% Cd+2 l.44E-09 48% 
CdC03 l.77E-09 41% CdCO3 l .58E-09 39% CdCO3 l.26E-09 42% 
CdHCO3+ 3.46E-I0 8% CdHC03+ 3.16E-l0 8% CdHCO3+ 2.98E-I0 10% 
Cu 3.62E-09 Cu 8.97E-09 Cu 4.25E-09 
Cu(2) 3.62E-09 100% Cu(2) 8.97E-09 100% Cu(2) 4.25E-09 100% 
Cu(OH)2 2.57E-09 71% Cu(OH)2 6.44E-09 72% Cu(OH)2 2.58E-09 61% 
CuCO3 9.31 E-10 26% CuC03 2.23E-09 25% CuCO3 l.48E-09 35% 
Cu+2 5.39E-l l 1% Cu+2 l .42E-l0 2% Cu+2 7.98E-l l 2% 
CuHCO3+ 3.38E-l I 1% CuHC03+ 8.27E-l l 1% CuHCO3+ 6.S0E-11 2% 
Fe 6.48£ -08 Fe 1.93£-07 Fe 8.78E-08 
Fe(3) 6.48E-08 100% Fe(3) l.93£-07 100% Fe(3) 8.78E-08 100% 
Fe(OH)2+ 3.3 lE-0 8 5 1% Fe(OH)2+ l.00E-07 52% Fe(OH)2+ 5.03E-08 57% 
Fe(OH)3 2.00E-08 3 1% Fe(OH)3 5.90£-08 31% Fe(OH)3 2.52E-08 29% 
Fe(OH)4- l. l 7E-08 18% Fe(OH)4- 3.39£-08 18% Fe(OH)4- l.24E-08 14% 
Mn l.28E-07 Mn 2.75£-07 Mn 3.38E-07 
Mn(2) 1.27E-07 99% Mn(2) 2.72£-07 99% Mn(2) 3.36E-07 99% 
Mn+2 1.21 E-07 95% Mn+2 2.62£-07 95% Mn+2 3.23E-07 96% 
MnHC03+ 3.08E-09 2% MnHCO3+ 6.19E-09 2% MnHCO3+ l.07E-08 3% 
Pb 2.37E-09 Pb 3.43E-09 Pb 4.30E-09 
PbCO3 2.22E-09 94% PbCO3 3.21E-09 94% PbCO3 4.03E-09 94% 
PbHCO3+ 3.94E-l I 2% Pb+2 6.26E-l l 2% PbHCO3+ 8.66E-l 1 2% 
Pb+2 3.93E-ll 2% PbHCO3+ 5.84E-l l 2% Pb+2 6.64E-l l 2% 
PbOH+ 3.44E-l l 1% Pb(C03)2-2 4.l0E-11 1% PbOH+ 4.77E-l l 1% 
Zn 7.68E-07 Zn 9.07E-07 Zn 5.S0E-07 
Zn+2 3.92E-07 51% Zn+2 4.86E-07 54% Zn+2 2.69E-07 49% 
ZnC03 2.57E-07 33% ZnC03 2.89E-07 32% ZnCO3 l.90E-07 34% 
ZnHCO3+ 6.29E-08 8% ZnHCO3+ 7.26£-08 8% ZnHCO3+ 5.62E-08 10% 
Zn(C03)2-2 3.07£-08 4% Zn(CO3)2-2 3.15E-08 3% Zn(CO3)2-2 2.53E-08 5% 
Zn(OH)2 1.15E-08 1% Zn(OH)2 l.36E-08 1% Zn(OH)2 5.36E-09 1% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
10/15/2002 
R-1 Molality R-2 Molality R-3 Molality 
As 1.38£-08 As l .32E-08 As 4.21E-08 
As(5) 1.38£-08 100% As(5) l .32E-08 100% As(5) 4.2 lE-08 100% 
HAsO4-2 l .20E-08 87% HAsO4-2 l. l0E-08 83% HAsO4-2 3.54£-08 84% 
H2AsO4- l.77E-09 13% H2AsO4- 2.24E-09 17% H2AsO4- 6.63£-09 16% 
Cd 4.36£-08 Cd 4.50£-08 Cd 5.13E-08 
Cd+2 2.29£-08 52% Cd+2 2.60£-08 58% Cd+2 2.87E-08 56% 
CdCO3 1.50£-08 34% CdCO3 l.24E-08 28% CdCO3 l .50E-08 29% 
CdHCO3+ 4.91E-09 11% CdHC03+ 5.63E-09 12% CdHCO3+ 6.33£-09 12% 
Cu l.65E-08 Cu l .63E-08 Cu 2.97£-08 
Cu(2) 1.65£-08 100% Cu(2) l.63E-08 100% Cu(2) 2.97E-08 100% 
Cu(OH)2 8.34£-09 51% CuCO3 7.94E -09 49% CuCO3 1.42E-08 48% 
CuCO3 7.05£ -09 43% Cu(OH)2 6.75E-09 41% Cu(OH)2 l.28E-08 43% 
Cu+2 5.09E- l 0 3% Cu+2 7.84E-l0 5% Cu+2 l.28E-09 4% 
CuHCO3+ 4.30£-10 3% CuHCO3+ 6.68E-l0 4% CuHCO3+ 1.11 E-09 4% 
Fe 2.56£-07 Fe l.14E-07 Fe 3.69E-07 
Fe(3) 2.56E-07 100% Fe(3) l.14E-07 100% Fe(3) 3.69E-07 100% 
Fe(OH)2+ 1.72£-07 67% Fe(OH)2+ 8.6IE-08 75% Fe(OH)2+ 2.72E-07 74% 
Fe(OH)3 6. l 7E-08 24% Fe(OH)3 2.24E-08 20% Fe(OH)3 7.59E-08 21% 
Fe(OH)4- 2.2 lE-08 9% Fe(OH)4- 5.82E-09 5% Fe(OH)4- 2.l lE-08 6% 
Mn l.50E-06 Mn 4.33E-07 Mn l.29E-06 
Mn(2) l .49E-06 100% Mn(2) 4 .33E-07 100% Mn(2) l .29E-06 100% 
Mn+2 l .41E-06 94% Mn+2 4. I0E-07 95% Mn+2 l .21E-06 94% 
MnHCO3+ 4.87E-08 3% MnHCO3+ l.42E-08 3% MnHCO3+ 4.29E-08 3% 
Pb l .59E-08 Pb l.32E-08 Pb l .58E-08 
PbCO3 l.47£-08 93% PbC03 1.2 IE-08 91% PbCO3 l.45E-08 92% 
PbHCO3+ 4.41£-10 3% PbHCO3+ 4.99E-10 4% PbHCO3 + 5.57E-10 4% 
Pb+2 3.25£-10 2% Pb+2 3.64E-JO 3% Pb+2 4.0lE-10 3% 
Pb(CO3)2-2 1.84£-10 1% PbOH+ l.34E-10 1% PbOH+ l.59E-10 1% 
Zn 9.92E-06 Zn 1.08E-05 Zn l.03E-05 
Zn+2 5.37E-06 54% Zn+2 6.43E-06 60% Zn+2 5.98E-06 58% 
ZnCO3 2.83E-06 29% ZnC03 2.48E-06 23% ZnCO3 2.5 lE-06 24% 
ZnHCO3+ l. l 7E-06 12% ZnHCO3+ l.41E-06 13% ZnHCO3+ l.33E-06 13% 
Zn(CO3)2-2 3.0lE-07 3% ZnSO4 2.03E-07 2% Zn(CO3)2-2 2.JOE-07 2% 
ZnSO4 l.64E-07 2% Zn(CO3)2-2 l.92E-07 2% ZnSO4 l.98E-07 2% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
6/13/2002 
W-1 Molality W-2 Molalit y 
As 5.26E-08 As 7.20E-08 
As(5) 5.26E-08 100% As(5) 7.20E-08 100% 
HAsO4-2 3.40E-08 65% H2AsO4- 4.29E-08 60% 
H2AsO4- l .86E-08 35% HAsO4-2 2.91E-08 40% 
Cd l.92E-07 Cd l.75E-07 
Cd+2 l . l0E-07 57% Cd+2 l.24E-07 71% 
CdHCO3+ 3.45E -08 18% CdHCO3+ 3.32E-08 19% 
CdCO3 2.46£- 08 13% CdCO3 9.59E-09 5% 
CdC I+ 1.93E-08 10% 
Cu 9.55E-08 
Cu 7.98E-08 Cu(2) 9.55E-08 100% 
Cu(2) 7.98E-08 100% CuCO3 4.0IE-08 42% 
CuCO3 4.77£-08 60% CuHCO3+ 2.58E-08 27% 
CuHC03+ l.24E-08 16% Cu+2 2.46E -08 26% 
Cu+2 l.0lE-08 13% Cu(OH)2 3.57E-09 4% 
Cu(OH)2 8.64E- 09 11% 
Fe 5.05E-09 
Fe 3. l lE-08 Fe(3) 5.05E -09 100% 
Fe(3) 3.llE-08 100% Fe(OH)2+ 4.87E-09 97% 
Fe(OH)2+ 2.85E-08 92% Fe(OH)3 l.66E-10 3% 
Fe(OH)3 2.40£-09 8% Fe(OH)4- 5.72E-12 0% 
Fe(OH)4- 2. llE-10 1% 
Mn 7.85E-07 
Mn 2.65E-07 Mn(2) 7.85E-07 100% 
Mn(2) 2.65£-07 100% Mn+2 7.36E-07 94% 
Mn+2 2.46£-07 93% MnHCO3+ 3. l 6E-08 4% 
MnHCO3+ 1.25£-08 5% 
Pb 4.05£-07 
Pb 2. 19E-07 PbCO3 2.65E-07 65% 
PbCO 3 1.80£-07 82% PbHCO3 + 8.34E-08 21% 
PbHCO3+ 2.30E-08 11% Pb+2 4 .94E-08 12% 
Pb+2 l.16E-08 5% PbSO4 4.15E-09 1% 
Zn 4.03E-05 Zn 3.69E-05 
Zn+2 2.60£-05 65% Zn+2 2.70E-05 73% 
ZnHC03+ 8.35£ -06 21% ZnHCO3+ 7.32E-06 20% 
ZnCO3 4.74£-06 12% ZnCO3 1.68£-06 5% 
ZnSO4 7.34£-07 2% ZnSO4 8.66£-07 2% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
6/13/2002 W-4 Molality 
W-3 Molality As 2.68E-07 
As 5.62E-06 As(5) 2.68E-07 100% 
As(3) 5.62E-06 100% H2AsO4- I .87E-07 70% 
H3AsO3 5.6 I E-06 100% HAsO4-2 8.07E-08 30% 
Cd 7.40E-06 Cd 4.30E-07 
Cd+2 5.76E-06 78% Cd+2 3.12E-07 73% 
CdSO4 l.52E-06 21% CdHCO3+ 6.2 IE-08 14% 
CdCI+ 9.26E-08 1% CdSO4 3.42E-08 8% 
CdCO3 l .13E-08 3% 
Cu I. l 9E-05 
Cu(2) I . l 8E-05 99% Cu 2.30E-07 
Cu+2 9.97E-06 84% Cu(2) 2.30E-07 100% 
CuSO4 I .82E-06 15% Cu+2 8.54E-08 37% 
CuCI+ 3.47E-09 0% CuHCO3+ 6.66E -08 29% 
CuCO3 6.52E-08 28% 
Fe 2.0SE-04 CuSO4 6.46E-09 3% 
Fe(2) 2.0SE-04 100% 
Fe+2 l .77E-04 87% Fe 3.0IE-09 
FeSO4 2.76E-05 13% Fe(3) 3.0lE-09 100% 
Fe(OH)2+ 2.94E-09 98% 
Mn 4.87E-06 Fe(OH)3 6.3 lE-11 2% 
Mn(2) 4.87E-06 100% 
Mn+2 4.18E-06 86% Mn 3.31 E-07 
MnSO4 6.87E-07 14% Mn(2) 3.3 lE-0 7 100% 
Mn+2 3.0 lE-0 7 91% 
Pb 5.88E-05 MnSO4 l.97E-08 6% 
Pb+2 3.8 IE-05 65% 
PbSO4 2.03E-05 34% Pb 4.40E-07 
PbCO3 2. l 9E-07 50% 
Zn 6.99E-04 PbHCO3+ l.l0E-07 25% 
Zn+2 5.72E-04 82% Pb+2 8.72E-08 20% 
ZnSO4 l .24E-04 18% PbSO4 2.00E-08 5% 
Zn l .30E-04 
Zn+2 9.81E-05 76% 
ZnHCO3+ l.98E-05 15% 
ZnSO4 8.70E-06 7% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
6/ 13/2002 
W-5 Molality W-6 Molality 
As l .70E-05 As l .94E-06 
As(3) l.70E-05 100% As(3) l.94E-06 100% 
H3AsO3 l.70E-05 100% H3AsO3 l .94E-06 100% 
Cd 8.93E-06 Cd 5.34E-06 
Cd+2 5.39E-06 60% Cd+2 3.7JE-06 69% 
CdSO4 2.8 lE-06 31% CdSO4 l .47E-06 28% 
CdCI+ 4.87E-07 5% CdCI+ 8.90E-08 2% 
Cu l.S0E-04 Cu 5.03E-06 
Cu( !) 5.03E-06 3% Cu( I) 5.36E-08 1% 
Cu+ 2.77E-06 2% Cu+ 5.13E-08 ]% 
Cu(2) l.75E-04 97% Cu(2) 4.98E-06 99% 
Cu+2 l. 30E-04 72% Cu+2 3.92E-06 78% 
CuSO4 4.46E-05 25% CuSO4 l.06E-06 21% 
Fe 4.33£-03 Fe l.36£-0 3 
Fe(2) 4.33£-03 100% Fe(2) 1.36£-03 100% 
Fe+2 3.31£ -03 76% Fe+2 1. I0E-03 80% 
FeSO4 1.0 IE-03 23% FeSO4 2.58£-04 20% 
Mn 8.47£-06 Mn 6.51 E-06 
Mn(2) 8.47E-06 100% Mn(2) 6.5 JE-06 100% 
Mn+2 6.36£-06 75% Mn+2 5.20£-06 80% 
MnSO4 2.0SE-06 25% MnSO4 l .30E-06 20% 
Pb 2.50E-05 Pb 2.86E-05 
PbSO4 I .25E-05 50% Pb+2 1.56£-05 55% 
Pb+2 l.l 7E-05 47% PbSO4 l .26E-05 44% 
Pb(SO4) 2-2 4.75E-07 2% Pb(SO4)2-2 2.66£-07 1% 
Zn 1.24£-03 Zn l.21E-03 
Zn+2 8.41E-04 68% Zn+2 9.05£-04 75% 
ZnSO4 3.69£-04 30% ZnSO4 2.99E-04 25% 
Zn(SO4)2-2 2.3 lE-05 2% Zn(SO4)2-2 l .03E-05 1% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
6/13/2002 
W-7 Molality W-8 Molality 
As l .20E-07 As 5.74E-06 
As(5) l .20E-07 100% As(3) 5.74E-06 100% 
H2AsO4- 8.83E -08 74% H3AsO3 5.74E-06 100% 
HAsO4-2 3. l SE-08 26% 
Cd 4.4 7E-06 
Cd l .28E-07 Cd+2 3.22E-06 72% 
Cd+2 9. l 7E-08 72% CdSO4 l.12E-06 25% 
CdHCO3+ 2.20E-08 17% CdC!+ 8.59E-08 2% 
CdSO4 9.56E-09 7% 
CdCO3 3.17E-09 2% Cu 4.04E-05 
Cu( !) 5.95E-07 1% 
Cu l.72E-06 Cu(2) 3.98E-05 99% 
Cu(2) l.72E-06 99% Cu+2 3.23E-05 80% 
Cu+2 6. ISE-07 36% CuSO4 7.SSE-06 19% 
CuHCO3+ 5. 78E-07 34% 
CuCO3 4.49E-07 26% Fe l .64E-03 
CuSO4 4.46E-08 3% Fe(2) l.64E-03 100% 
Fe+2 l.39E-03 85% 
Fe 3.69E-09 FeSO4 2.49E-04 15% 
Fe(3) 3.69E-09 100% 
Fe(OH)2+ 3.62E-09 98% Mn l.25E-05 
Fe(OH)3 6. l 7E- l l 2% Mn(2) I .25E-05 100% 
Mn+2 l.04E-05 83% 
Mn 8.84E-06 MnSO4 2. l lE-06 17% 
Mn(2) 8.84E-06 
Mn+2 8.00E -06 91% Pb l. l0E-05 
MnSO4 5.23E-07 6% Pb+2 6.22E-06 56% 
MnHCO3+ 3.09E-07 3% PbSO4 4.66E-06 42% 
Pb(SO4)2 -2 8.86E-08 1% 
Pb 3.4 IE-06 
PbCO3 l.59E-06 47% Zn 5.14E-04 
PbHCO3 + l .00E-06 29% Zn+2 3.98E-04 77% 
Pb+2 6.61E-07 19% ZnSO4 l.12E-04 22% 
PbSO4 l.37E-07 4% Zn(SO4)2 -2 3.76E-06 1% 
Zn l.48E-05 
Zn+2 l.09E-05 74% 
ZnHCO3+ 2.66E-06 18% 
ZnSO4 9.34E-07 6% 
ZnCO3 3.0SE-07 2% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
6/ 13/2002 
W-9 Molality W-10 Molality 
As l.86E-08 As 3.66E-07 
As(S) l .86E-08 100% As(S) 3.66E-07 100% 
HAsO4-2 l .33E-08 72% H2AsO4- 2.61E-07 71% 
H2AsO4- 5.25E-09 28% HAsO4-2 l .06E-07 29% 
Cd 4.55E-08 Cd 5.0SE-07 
Cd+2 l .97E-08 43% Cd+2 3.64E-07 72% 
CdC l+ l .48E-08 33% CdHCO3+ 8.62E-08 17% 
CdHCO3+ 5.20E-09 11% CdSO4 2.88E-08 6% 
CdCO3 4.46E-09 10% CdCO3 l .52E-08 3% 
Cu 7.13E-08 Cu 4.16E-07 
Cu(2) 7.13E -08 100% Cu(2) 4.16E-07 100% 
CuCO3 4.20E-08 59% Cu+2 l.42E -07 34% 
Cu(OH)2 l.0IE-08 14% CuHCO3+ l .32E-07 32% 
CuHCO3+ 9.I0E-09 13% CuCO3 l.25E-07 30% 
Cu+2 9.09E-09 13% CuSO4 7.72E-09 2% 
Cu(OH)2 7.69E-09 2% 
Fe 2.75E-08 
Fe(3) 2.75E-08 100% Fe 3.1 0E-07 
Fe(OH)2+ 2.47E-08 90% Fe(3) 3. I0E-07 100% 
Fe(OH)3 2.S0E-09 9% Fe(OH)2+ 3.03E-07 98% 
Fe(OH)4- 2.89E-10 1% Fe(OH)3 6.31E-09 2% 
Mn 4.52E-07 Mn l.0JE-06 
Mn(2) 4.52E-07 100% Mn(2) J.0IE-06 100% 
Mn+2 4.12E-07 91% Mn+2 9.35E-07 92% 
MnHCO3+ l.78E-08 4% MnSO4 4.27E-08 4% 
MnHCO3+ 3.56E-08 4% 
Pb l .06E-07 
PbCO3 8.77E-08 83% Pb 3.86E-06 
PbHCO3+ 9.29E-09 9% PbCO3 2.00E-06 52% 
Pb+2 5.59E-09 5% PbHCO3+ l.03E-06 27% 
PbCI+ l.30E-09 1% Pb+2 6.88E-07 18% 
PbSO4 l.18E-07 3% 
Zn 8.34E-06 
Zn+2 5.S0E-06 66% Zn l.13E-04 
ZnHCO3+ l.S0E-06 18% Zn+2 8.43E-05 75% 
ZnCO3 l.03E-06 12% ZnHCO3+ 2.03E-05 18% 
ZnSO4 l.48E-07 2% ZnSO4 5.36E-06 5% 
ZnCO3 2.85E-06 3% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
10/15/2002 
W-2 Molality W-7 Molality 
As l .03E-07 As l.77E-07 
As(5) l .03E-07 100% As(5) l.77E-07 100% 
HAsO4-2 7.85E-08 76% HAsO4-2 l.14E-07 64% 
H2AsO4- 2.45E-08 24% H2AsO4- 6.34E-08 36% 
Cd 6.41E-08 Cd 7.49E-08 
Cd+2 3.66E-08 57% Cd+2 5.13E-08 68% 
CdCO3 l.49E-08 23% CdHC03+ l. l lE-08 15% 
CdHC03+ l. l0E-08 17% CdC03 8.47E-09 11% 
CdSO4 l.38E-09 2% CdSO4 3.91E-09 5% 
Cu 2.0SE-06 Cu I .40E-06 
Cu(2) 2.0SE-06 100% Cu(2) l.40E-06 100% 
CuCO3 l.25E-06 61% CuC03 7.SSE-07 54% 
Cu(OH)2 4.66E-07 23% Cu(OH)2 2.20E-07 16% 
CuHCO3+ l.71E-07 8% Cu+2 2.16E-07 15% 
Cu+2 l .45E-07 7% CuHCO3+ l.84E-07 13% 
Fe 4.37E-08 Fe l.98E-08 
Fe(3) 4.37E-08 100% Fe(3) l.98E-08 100% 
Fe(OH)2 + 3.69E-08 84% Fe(OH)2+ l.S0E-08 91% 
Fe(OH)3 5.89E-09 13% Fe(OH)3 l.62E-09 8% 
Fe(OH)4- 9.47E-10 2% Fe(OH)4- l.47E-l0 1% 
Mn l.3 lE-06 Mn 2.9 lE-06 
Mn(2) 1.31 E-06 100% Mn(2) 2.91E-06 100% 
Mn+2 l.22E-06 93% Mn+2 2.70E-06 93% 
MnHCO3+ 5.90E-08 4% MnSO4 1.24E-07 4% 
MnSO4 2.80E-08 2% MnHCO3+ 9.37E-08 3% 
Pb l.l 7E-07 Pb 2.19E-07 
PbC03 l .04E-07 89% PbCO3 l.77E -07 81% 
PbHC03+ 6.98E-09 6% PbHC03+ 2.l lE-08 10% 
Pb+2 3.68E-09 3% Pb+2 l.55E-08 7% 
Zn l .37E-05 Zn 2.SIE-05 
Zn+2 8. l0E-06 59% Zn+2 l.98E-05 70% 
ZnCO3 2.66E-06 19% ZnHC03+ 4.34E-06 15% 
ZnHCO3+ 2.47E-06 18% ZnCO3 2.63E-06 9% 
ZnSO4 2.49E-07 2% ZnSO4 l.22E-06 4% 
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Table H.1. PHREEQC speciation calculation results and metal species percentages for 
June and October surface and well water samples ---Continued. 
10/15/2002 
W-8 Molality W-10 Molality 
As l.05E-06 As 7.32E-07 
As(5) l.05E-06 100% As(5) 7.32E-07 100% 
H2AsO4- 6.87E-07 65% HAsO4-2 4.19E-07 57% 
HAsO4-2 3.64E-07 35% H2AsO4- 3.13E-07 43% 
Cd 3.42E-07 Cd 8.20E-08 
Cd+2 2.46E-07 72% Cd+2 5.8 IE-08 71% 
CdSO4 5.76E-08 17% CdHC03+ l.19E-08 14% 
CdHCO3+ 2.92E-08 9% CdCO3 6.83E-09 8% 
CdCO3 6.3 IE-09 2% CdSO4 5.15E-09 6% 
Cu 2. 73E-07 Cu 4. I 2E-08 
Cu(2) 2.73E-07 100% Cu(2) 4.12E-08 100% 
Cu+2 1.2 I E-07 44% CuCO3 2.06E-08 50% 
CuCO3 6.50E-08 24% Cu+2 8.29E-09 20% 
CuHCO3+ 5.59E-08 21% CuHCO3+ 6.66E-09 16% 
CuSO4 I.94E-08 7% Cu(OH)2 4.79E-09 12% 
Fe 7.50E-07 Fe I.62E-06 
Fe(3) 7.50E-07 100% Fe(3) I.62E-06 100% 
Fe(OH)2+ 7.3 IE-07 97% Fe(OH)2+ 1.51 E-06 93% 
Fe(OH)3 l .86E-08 2% Fe(OH)3 I.02E-07 6% 
Mn 6.33E-06 Mn 2.85E -06 
Mn(2) 6.33E-06 100% Mn(2) 2.85E-06 100% 
Mn+2 5.46E-06 86% Mn+2 2.62E-06 92% 
MnSO4 7.65E-07 12% MnSO4 l.39E-07 5% 
MnHCO3 + l.04E-07 2% MnHCO3+ 8.62E-08 3% 
Pb l.74E-07 Pb l.06E-07 
PbCO3 7.62E-08 44% PbCO3 8.0lE-08 76% 
Pb+2 4.28E-08 25% PbHCO3+ I.27E-08 12% 
PbHCO3+ 3.21E-08 18% Pb+2 9.84E-09 9% 
PbSO4 2.l0E-08 12% PbSO4 I.82E-09 2% 
Zn 2.63E-04 Zn 6.88E-05 
Zn+2 l.9 7E-04 75% Zn+2 4.99E-05 73% 
ZnSO4 3.74E-05 14% ZnHCO3+ l.04E-05 15% 
ZnHCO3+ 2.38E-05 9% ZnCO3 4.73E-06 7% 
ZnCO3 4.09E-06 2% ZnSO4 3.58E-06 5% 
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APPENDIX I. HFO Surface Assemblage Graphs 
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Figure 1.1. PHREEQC HFO toxic metal surface assemblage for June surface water 
samples; values indicate the percent of HFO surface sorption sites occupied by toxic 
metals. 
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Figure 1.2. PHREEQC HFO toxic metal surface assemblage for October surface water 
samples; values indicate the percent of HFO surface sorption sites occupied by toxic 
metals. 
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Figure 1.3. PHREEQC HFO toxic metal surface assemblage for June well water 
samples; values indicate the percent of HFO surface sorption sites occupied by toxic 
metals. 
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Figure 1.4. PHREEQ C HFO toxic metal surface assemblage for October well water 
samples ; values indicate the percent of HFO surface sorption sites occupied by toxic 
metal s. 
